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INTRODUCTION 


After 22 months of intense and total involvement in 
the preparation of these reports on the outlook of mineral 
markets over the next 25 years it became clear that the report 
left for the end - on radioactive fuel minerals - was not the 
proverbial 'cinchy piece-of-cake' as one might have assumed 
at the beginning. On the contrary, this investigation of 
the nuclear mineral field developed into a very much more 
complex analysis and required more research than initially 
anticipated. Certain issues of great currency had to be side- 
stepped in order to avoid touching upon a ‘tin of radioactive 
worms' or to be lost in the jungle of issues of the 'global 
nuclear tinderbox', to continue in the same proverbial vein 
of speech. However, the writer was well aware of the dilemma 
that the environmental problem of so immense a scope was 
germaine to the subject of nuclear fuels but physical too 
large to be studies in depth and really outside the explicit 
terms of reference of the contract. At the same time, it 
had also been clear that this entire complex problem would 
influence at least the uranium market. 

To a very small degree the impact of public concern 
over the nuclear issue has been included. But this inclusion 
understandably will not meet with the approval of the general 


public, because it is insufficiently treated and because it 


relates well-intended public concern to the field of gene- 
ration of cheap electrical energy and to the cost and avai- 
lability of nuclear fuels and not to the key environmental 
issues. The writer therefore regrets at the very outset 
and apologizes that it has been impossible for him to do 
justice to the real public (environmental) costs of the 
entire global nuclear complex of problems. Obviously, 

that real Pace problem has several key areas which are 


briefly summarized in the following way. 


Generation of Nuclear Energy 


Two problems seem to stand out as the main issues: 
the control of radioactive waste and the risk of prolifera- 
tion of substances potentially useful in making nuclear, 
destructive devices especially by unauthorized people. 

The first of these difficulties would have to be 
solved by nuclear scientists and engineers. It would mean 
that by the year 2004 a summary lethal pile of nuclear radio- 
active waste with a half-life of 25,000 years and measuring 
in compacted form 75 x 75 x 10 metres - or one million 
metric tons - of burnt uranium for the entire western world 
would have to be fail-safely handled, processed,shipped and 
stored; this waste quantity would result if all uranium 
expected to be mined between 1980 and 2004 would also be 


a 


consumed. 


The problem of proliferation appears less amenable to 
a straight forward solution because the probability co- 
efficient of that risk increases with the volume of the 
waste produced and with the geographical dispersion of a 


rising number of nuclear reactors. 


Reactor Accidents 

Reactor accidents could occur with varying degrees of 
severity ranging from light to grave consequences. The 
Three Mile Island affair was one of the lighter consequences 
while a core melt-down or even an atomic explosion of a 
reactor certainly would come under the class of grave con- 
sequences. Naturally, again the risks do increase with 
the number of such reactors and it is also obvious that 
any malfunction ultimately can only be explained on the 


grounds of human error. 


Nuclear Weaponry 


Men have never failed to incorporate means of mass 
destructive powers into their military arsenals. The writer 
is not qualified to discuss these issues in detail because 
he is not militarily involved. But it has to be admitted 
that this type of nuclear ever-presence imposes a definite 
cost on each and every citizen on this earth though the 


magnitude of these costs may differ according to the nervous 


sensitivity and daily awareness of those dangers among indi- 
viduals. The ultimate prospect of a military nuclear exchange 
defy any description and the results of such a possibility 
are infinitely large real public costs: total and absolute 
destruction the absolutism of economic costs! 

This problem penetrates the arteries and nerves of 
the whole country, of any country, that is. The risk of 
nuclear destruction today carries with it a global atomic 
potential of more than a million times of the Hiroshima 
device which had an explosive power of 20,000 tons of TNT. 
This is general knowledge and has been dramatized by Nevil 
Shute's On the Beach. In short, it is clear that we can now 
be killed about ten-times over in such a nuclear convulsion: 
Therefore, a different type of conflict is being taken into 
consideration: the’limited’ nuclear exchange! It is supposed- 
ly of greater public palatability since it does not mean 
deployment of all strategic nukes in the world and remains 


confined to a special geographic area! 


Combination Effects 

The worst scenerio was recently painted in the Scientific 
American.” This picture is so serious in its possible im- 
plications that it has to be pointed out here. The gravest 
Of all dangers is a nuclear exchange with hits of nuclear 


reactors in enemy countries. Destruction would be most com- 


plete. At that point, one might argue that the dialectic 
process would have come to an end. The event itself is 

a military impossibility along the Moltke-Clausewitz 

tradition which works of the base of a 'Kriegsziel' - 
purpose of war. And such a war aim cannot. be self-destructive 
on any part of the combattants. All-out nuclear war is a 
military non-sequitur but possible on grounds of political- 
ideological schizophrenia or due to hysteria with DT at the 
red button. 

In short, it would be a complete surprise were people 
found to be unsusceptible to the extreme fears of such 
terrible prospects. But apparently, part of the game stra- 
tegies is to exploit this angle to the advantage of one 
side or the other or both. Whether nuclear weaponry should 
be abolished by international agreement does not solve all 
the issues at the roots of conflicts. Today, there are 
other weapon prospects with almost comparable intensity 
of destructiveness as nuclear arms. Such weapons as have 
been or are being produced for use against one's potential 
enemies include means of bacteriological and chemical war- 
fare to which laser and particle beam weaponry will be added. 

Lest it be forgotten that atomic weapons ended the 
Second World War. It is also true that the abolition of 
such military hardware may take the worst fears out of men's 


minds but may likewise indirectly reopen the world stage 


for a repeat war performance with more conventional tools. 
What, then, was this study about? It was to show 

bitches 

1. until at least the end of this centruy there is no purpose 
in sinking more capital into new uranium ventures in 
this province; 

2. by the end of the forecast period about half of the short- 
run reserves known at a price of up to $US 30/1b of 
U,0gmay have been exploited; 

3. prices cannot be maintained above that level for long, 
at least in the short-run; 

4. the price hike of the past was a costly exercise for the 
publicivatidarge, and. a)sanresult, of) a;transitional; ine 
stability stemming from decreased military application 
with commercial consumption still insufficient to counter- 
act that decline, and b) it was accommodated by oligo- 
polistic market interference from a cooperative effort 
by select corporations and most senior governments; 

5. higher prices produced greater and more certain reserves 
such that 

6. end-users may cut down on inventories due to a more certain 
fuel availability than before. 

It can also be demonstrated that in the long run, if 
one can see that far ahead, 


7. new uranium ventures will unlikely be profitable before 


a 


the beginning of the next century unless the exploita- 
tion of newly discovered high-grade uranium deposits 
can be phased in; 

8. Canada will be one of the few strong and lasting suppliers 
of uranium at home and abroad due to its huge long-run 
reserves; 

9. Nuclear technological change will negatively affect ura- 
nium prices and the uranium mining industry but extend 
the time horizon of resource availability; 

10. Canada missed an early chance to adopt breeder technology 
to supply its economy early with cheaper energy while 
it must also be realized that 

ll. inflation, in as much as it is energy related, is equi- 
valent to holding the knife to the throat of the 'golden 
goose' - i.e. the Canadian mining industry and that 
advanced fuel cycle technology could combat the crippling 
disease; 

12. future consumption and demand for mined uranium will be 
determined a) by the number of uranium reactors and b) 
it will be modified by the degree of breeder reactors 
in the world system which might lead to lower prices 
of uranium and of energy than without breeders; 

13. nuclear mineral resources availability would stretch over 
centuries; 


14. the failure to implement advanced fuel cycle technologies 


dis 


LG 


ogee 


Lot 


introduces the reader to the most important aspects of nuclear 


including the thorium cycle due to public resistance 
and other institutional rigidities world uranium re- 
sources including speculative resources will deplete 
more quickly than otherwise would be the case lead- 
ing to higher uranium prices while the uranium mining 
industry will become very active at the expense of a 


shorter life expectancy; 


such price developments should trigger the substitution 


of uranium by the much more energy-efficient thorium 


which should also then produce cheaper electricity; 


the date for this event most likely will be determined by 


constellation of the uranium industry which may become 
also the supplier of thorium. 


It can generally be concluded that: 


in essence, there cannot be any shortage of nuclear fuel 


minerals and any actual shortages in fuel supplies are 
temporary and created by imperfections in this strongly 
institutionalized market complex; 

repeat performance of a uranium cartel cannot be dis- 
carded off hand but that the likelihood of such an 
event will be more remote because many countries are 
keenly interested in developing their own potential 
uranium resources. 


The study is organized in the following manner: Section 


the 


Aa 


physics as concerns the concepts of fission, neutrons, uranium, 
thorium and plutonium fuels and the reactors. Section II 

is a brief exposition of the difficulties encountered in 
retrieving world-wide uranium consumption statistics, while 
Section III explores uranium mining production of the world, 
Canada and for the Province of Ontario between the years 

1956 and 1979. This section deals also with the significance 
of the main uranium producing countries in the world as well 
as with the Canadian uranium trade and its extreme external. vul- 
nerability. In the course of this investigation some basic 
information on an international and, partially, government- 
sponsored marked arrangement - called the cartel - will be 
presented to be concluded by a brief report on recent develop- 
ments in the exports of radioactive ores and concentrates. 
Uranium reserves and resources and their distribution among 
the main countries in the Western World are at first scruti- 
nized in Section IV followed by an examination of uranium 
investment activities and other contemporary nuclear aspects 
of the main alternative suppliers including Canada as well. 
Highlights in the field of uranium mining in other countries 
have been reserved for footnote 152. The performance of 
uranium prices, past, present and future and the future of 
uranium production, consumption and maximum mining capaci- 
ties are analysed in Section V with summary and conclusions 


to foLlows 
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SECTION I: NUCLEAR FUEL MINERALS: URANIUM AND THORIUM 
Background Information 

In the year 1920 there was no demand for a metal called 
uranium. It had been hidden in the past as something nobody 
looked for and, therefore, an economic scarcity did not 
exist! There may have been a natural scarcity of the metal 
for those scientists who made it the centre of their academic 
pursuits. As a geologist remarked facetiously that ‘anything is 
scarce, until someome is looking for it', and that,in essence, 
was and still is the case for both uranium and thorium. 

This brings us to the names. There is thorium: as a 
matter of fact few people of everyday life know of the existence 
of this metal. They may be aware that there was god Thor 
in Nordic mythology but they will hardly be cognizant that he 
"had' his own metal, at least in name and a nuclear one for 
tUilacs 

If a nuclear metal is well-known today, then it is, no 
doubt, uranium. This name is to be traced back to the planet 
uranus! but it was long before the discovery of this heavenly 
body that a forefather of Mighty Zeus in Greek mythology bore 
this name. 

The metal thorium was discovered by Berzilius in 1828, 
while uranium had been noticed as an unfamiliar element in 
pitchblende by Klaproth in 1789. Although he tried to isolate 


the metal it was up to Peligot to do so in peau.- 


These metals would have remained unimportant in the 
eyes Of mankind in general had not certain developments in 
science taken place which changed the course of history. 
This chapter of the history of the Atomic Age was opened by 
events of cataclysmic proportions: atomic bombs: 

Without attempting a rerun of the history of nuclear 
physics, some; points need” be’ recalled to relate’ this part 
of the natural sciences to the economic side of eeareepheit 
through what is called 'technological change'. 

For long, scientists had tried to explore the microcosmos 
of matter: the structure of the atom. But it was only in 
1920 that Ernest Rutherford in his Bakerian Lecture? postulated 
the existence of an electrically neutral particle: the neutron. 
This tiny particle was, indeed, discovered in 1933 by James 
Chadwick as the field of nuclear science expanded dramatically 
in Europe and North America. Names of other physicists besides 
Rutherford surrounded with aura of greatness in the field were 
Niels Bohr, the teacher of Oppenheimer, Fermi and Heisenberg 
at the University of Gottingen in Germany. In 1938, Otto 
Hahn and Fritz Strassman were successful in smashing atoms in 
laboratories by bombarding uranium with neutrons. Finally, 
Albert Einstein should not be forgotten in this brief recall 
of nuclear celebrities. He was not only a scientist of world 
stature but also a man of vision. It was in August 1939 that 


he wrote the now famous letter to the President of the United 


Pe ae 


States, F.D. Roosevelt, in which he pointed to the great 
potentialities of atomic fission, its chain reaction and 
the possibilities of constructing extremely powerful bombs.” 

Almost one year after the bombing of Pearl Harbour, 
which had brought the United States into the Second World, 
the first self-contained chain reaction took place ina 
Squash court under the West Stands of Stagg Field in Chicago 
on December 2nd 1942. Subsequently, the Manhattan Project 
was authorized by President Roosevelt leading to the construction 
of the new city of Oak Ridge which began already on November 
22,) 1942... in addition, Jagtop=securitysinstitute had, been 
established at Los Alamos, New Mexico for designing and con- 
structing of the first A-bombs. With the successful test of 
the first nuclear device at Alamagordo on July 15, 1945, the 
atomic era had begun and on August 6, 1945 a uranium bomb 
destroyed Hiroshima while three days later, on August 9, 1945, 
Nagasaki met its disaster through a plutonium bomb. 

With the end of the Second World War, efforts were con- 
centrated in the United States at first towards the assembly 
of a considerable arsenal of strategic weapons. The intro- 
duction of tactical nuclear weaponry followed on the one side, 
while the atom was also being utilized for more peaceful 
purposes in the form of large-scale generation of electricity 
and also, though to a much smaller extent, through research 


and development of nuclear medicine by utilizing radioactive 


ea ct 


isotopes on the other. 
Without entering into the truly scientific details 
of nuclear physics and fission, some of the important nuclear 
properties of elements should briefly be studied. These 
details are essential for the final understanding of the 
nature and the forces determining future demand and supplies 
of those metals useful in the generation of electrical energy: 
uranium and thorium. 
The smallest part of an element is its atom and it is 
the various particles and their number contained in each 
atom which make it the element it is. These particles are 
mainly electrons terocete and neutrons. Whereas the former 
two have electric capacities of mutual attraction - the protons 
with the positive charge sit in the centre while the negatively 
attracted charged electrons circulate around the nucleus - 
the neutrons which Rutherford had envisaged have none.Yet, 
the neutrons are part or the nucleus; che epicentre or marcer, 
In short, when a neutron collides with an atom with 
fissile characteristics the nucleus disintegrates: it splits. 
In the process, electrons, heat, radiation of specific particles 
and neutrons are released. But it was also a neutron that led 
to the splitting Of the atom in the first place. ~“Thus=through 
the fission - or splitting - new neutron are emitted which 
can now collide with other atoms of the same element and cause 


them ‘to sprit. 


If a large number of neutrons were to be released in each 
collision the cumulative effect of this geometric progression 
of nuclear fissions would be an atomic eee However, 
this happens only under specific circumstances. Normally, 
released neutrons are too fast to penetrate into the nucleus 
of a fissile element. Instead they will be absorbed by 
other elements. The probability of causing another fission 
requires that the neutrons must slow down to hit the fission- 
able material, or that the quantity of fissionable material 
present in the material be significantly enlarged. 

The problem is to moderate the speed of the emitted 
neutrons. Scientists came to recognize that elements with 
light atoms function well in this capacity. Three substances 
were suitable for that purpose: ordinary water, pure graphite 
and deuterium oxide. The last of the three substances is 
generally called heavy water and is also found in ordinary 
water at.a ratio of 1 part of deuterium to 10,000 parts of 
water. However, it may be produced by enriching the deuterium 
content of water in heavy water plants. 

Instead of using graphite or deuterium as moderators, 
another way of increasing the probability of fission is to use 
water and to enlarge the quantity of fissionable material in 
the main substance. In order to understand the basic composi- 
tion of the material used in nuclear reactors, it is critical 


to differentiate between three types of elements contained in 


- 15 - 


nuclear material. The three types are: fissile or fissionable 


substances, fertile material and parasitic elements. 


Nuclear Properties 


Fissile (Fissionable) Substances 
There are only three fissile elements: 
Uranium 253. 138; 
U pt tGeen oi ai, mo Oa Pom) and 
122i) ee ae © Pe 0 een LW Gh Re, ae eS 

Of these three elements only uranium 235 may be found in 
nature in relatively small quantities together with uranium 
238 which which cannot be split. The fissile uranium 235, in 
nature, amounts to 0.7110 of one percent while uranium 238 
accounts for 99.2830 percent and uranium 234 for 0.0054 of one 
percent. Consequently, only a very small percent of U 235 
occurs in natural uranium. In order to sustain a chain reaction 
in certain reactors, the density of uranium 235 has to be in- 
creased which is done. by special enrichment processes.” 

The other two fissile elements do not exist in nature and 
have to be created. This leads to a discussion Of the aspect 
of nuclear fertility. 

Nuclear Fertility 

Elements are nuclearly fertile if they absorb neutrons 

emitted through nuclear fission and thereby turn into a new 


element. One of these fertile elements is thorium 232, an 


atom which by addition of a neutron is changed into fissile 
U ve ja the other is uranium 238 which becomes fissile pluto- 
nium 239. Of course, this creation of new elements does not 
stop here. Other elements are created through neutron bombar- 
dments but they are unimportant as the generation of electri- 
city is concerned. 
Parasitic Elements 

A third possible consequence of fission besides new 
fission and the creation of new elements is that emitted 
neutrons are absorbed by certain elements without any reaction. 
These neutrons are lost and go to waste and that is why such 
neutron-absorbing substances exercise a parasitic function. 
They reduce the chain reaction potential whenever present and, 
at worst, may frustrate any start-up or abort any on-going 
chain reaction if allowed to interfere in the fission process. 
Other Aspects or Nuclear Fission 

Nuclear physics has come to the conclusion that normally 
about 2.5 neutrons are released with the splitting of an atom 
and that about one successful 'hit' by one neutron onto 
another atom is sufficient and satisfactory for maintaining 
the chain reaction. Increasing rates of success may trigger a 
cumulative effect while anything less than one will stop the 
process altogether. Therefore, a situation in which emitted 
neutrons create a sustained chain reaction is called the 


‘critical point'. Above it, fission is maintained and controlled; 


below it, the chain reaction ceases and the reactor shuts off. 


Conventional (Converter) vs Advanced Fuel Cycles 


Following this rudimentary observation of properties of 
nuclear materials the discussion can now center on the possible 
fuel cycles and on types of reactors utilized for the genera- 
tion of energy. 

The normal cycle which converts nuclear energy - the heat 
released in the fission process - into electrical energy uses 
up the existing uranium 235. Three general types of reactors 
may be recognized according to the kind of moderator agents 
used: a 

1. The graphic reactor (Fermi), 
2. The light water reactor and 
3. The deuterium oxide reactor (heavy water). 

The first of the big reactors ever to start operations 
outside laboratories was the graphite reactor in the famous 
X-10 complex of Oak Ridge. It had been modelled after Fermi's 
Stagg Field reactor, the very first of all reactors using 
graphite to control the chain reaction. 

The second type works with ordinary water, the least 
satisfactory of the three moderating agents. For this reason, 
a higher concentration of U 235 is required than occurs 
naturally. Consequently uranium has to be enriched. This is 


accomplished by removing some of the very plentiful uranium 238 


from the natural uranium through various complex processes. 

During fission more neutrons are released than are 
necessary for a continuous chain reaction of uranium 235. 

This excess of neutrons hit upon the material most present in 
the fuel and that is uranium 238 thereby transforming these 
atoms into plutonium; and that is another fissile, though very 
poisonous, substance. It can be used as fuel in other reactors 
- or - in atomic weapons! Therefore, the reactor with ordinary 
water for a moderator is called the light water reactor and it 
45 still the standard reactor in the United States. 

Its advantage is a greater efficiency because it releases 
more heat than other conventional reactor types and, thus, 
produces more electricity. Its drawback, obviously, is that 
natural water streams have been used for cooling purposes lead- 
ing to thermal pollution of the environment. In addition, it 
requires substantial amounts of electricity for enriching 
uranium 235. Take, for instance, the famous K-25 plants and 
the surrounding installation where the separation and enrich- 
ment of U 235 takes place. This complex, which stands on 600 
acres and employs 4,000 people consumed “four billion kilowatt- 
hours of TVA electricity annually” in the 1970s. / 

The third of the conventional fuel-cycles works with 
heavy water for a moderator. Although this method does not 
produce the same heat and electricity as the light water reactor, 


it does not need enriched uranium as fuel; it runs on natural 


uranium! The proto-type for the Western World is the CANada 
Deuterium Uranium - CANDU - reactor. It is a system which, 
according to one of the scientists of the Chalk River Nuclear 
Laboratories, “has consistently outperformed other comparable 
nuclear power systems in the Western World and has an out- 
standing record of reliability, safety and economy." That 
is why the HWR - heavy water reactor - competes favourably 
with other conventional, once-through, fuel cycles. It consumes 
the existing one percent of fuel U 235 contained in natural 
uranium which has not gone through the enrichment procedure. 

The one property common to these three reactor types of 
the conventional variety is that the unburnt uranium 238 be- 
comes a waste product which is then stored in special locations 
under strict safety provisions. Yet, this used fuel material 
contains considerable quantities of fissile material which has 
been generated in the process and which could be recovered and 
recycled with fresh uranium thereby doubling the power obtain- 
able from a given amount of nuclear fuel.” Without such recy- 
cling operations these conventional reactors make uranium a 
depletable resource! | 
Advanced Fuel Cycles 

The advanced fuel cycles differ from the conventional 
- once through - processes in that they use not only uranium 
23 Stas Mtie lbutively om uxarndiunm 263icand, plattoniims 239i-as 


fissile materials. 


These two fissile substances are created by absorption 
of neutrons released during the fission of uranium 235 and 
are not utilized during the chain reaction. Some of the fast 
neutrons not lost to parasitic elements may strike upon 
fertile material such as thorium 232 and uranium 238ee0 the 
former is transformed into U 233 and the latter into plutonium 
239, both of which are fissile fuel material. This means that 
while the reactor is burning it 'breeds' more fuel than it con- 
sumed. And according to the substances used, there are two 
basic types of nuclear breeder cycles; the uranium breeder 
cycle and the thorium breeder eycie <x 

Consequently, each cycle produces additional fuel and 
there is a time when enough fissile substances have been pro- 
duced to refuel the reactor and to charge an identical additional 
reactor. The time it takes to generate this fuel is called 
the 'doubling time'. 

The uranium (= plutonium) cycle has a doubling time of 
between seven and ten years utilizing fast neutrons efficiently. 
That is why the reactor working on this method is the fast 
breeder as fast neutrons are less likely to be absorbed by para- 
SAistac substances.?+ In turn, the thorium cycle reactor works © 
with slow moving neutrons and has a doubling time of about 20 
years. It is a slow breeder cycle - the thermal breeder. A 
further advantage is that fission efficiency is greater for 


U»233..than,. is, the «case+for .U 235,12 


ar tae 


Besides these basic advanced fuel cycles and reactors, 
there are mixed advanced breeder cycles feeding on thoriun, 
uranium and plutonium in various combinations. All serve 
the same purpose: they expand dramatically the availability 
of fue1.+3 

The cooling methods of a uranium - cycle fast breeder 
differ from those required by the thorium-cycle. The former 
cool by inert gases such as helium, or by liquid metals, 
like sodium or by steam. The latter controls the temperatures 


by light or heavy water or by molten salts.14 


Breeder Reactors in the World (Global) 
The movement towards the exploitation of breeder tech- 
nology by major industrial countries has been well underway 
for some time. Already in the late 1950s experimental breeder 
reactors were built. In 1959, the BR-5 reactor went into 
Operation in the U.S.S.R. Its thermal capacity was 5 MW(th) 
and 0 W(e). The same year saw the DFR breeder come on stream 
in the United Kingdom, with 60 MW(th) and 15 MW(e). The 
United States built three breeders in the 1960s; two of these- 
EBR II (Experimental Breeder Reactor II) and the large Fermi 
reactors-~were running in 1963, while SEFOR, a small test 
reactor, was completed in 1969. \In Europe, France,started with 
the 'Rapsodie' reactor (for ‘rapid sodium’) ,17/+8- 


Starting with) 1970:the: U.S.S.R. had BOR=60eproducing 


energy at a capacity of 60 MW(th) and 42 MW(e). Two years 
later the same country ushered in its first larger breeder 
BN 350 delivering a capacity of 1,000 MW(th) and 150 MW(e). 
An even larger one was to follow in 1976, the BN 600 (1,500 
MW(th) and 500 MW(e)). The United Kingdom and the United 
States added each one medium-sized breeder to that list in 
the year 1973, while France began working on the Phénix 
sroyedteny At this point in time, Germany, Japan and Italy 
entered the fast breeder scene. Even India had a fast breeder 
under construction. 

A decision of great importance was taken in the fall of 
1970 by a consortium of European utility companies to con- 
struct a 1,200 MW breeder reactor at Creys-Malville in France. 
With the name of Superphenix it represented the crown of 
success on the breeder program started with the 'rapsodie’'. 
Planned to produce energy at full scale by 1980 this accomplish- 
ment is an expression of the progress which breeders have 
made in the industrial world. Still,this was not the end. 
The French national utility company Electricité de France (EDF) 
called *for a series of breeder plants, employing plutonium 
as fuel provided by a large number of pressurized water - 
reactors built simultaneously. '+8 By the year 2000, fast 
breeders are expected to represent one quarter of installed 
reactor capacity and one third of French nuclear energy 


production. +? 
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To this multinational project - Superphénix - has to 
be added a second in progress in Western Germany, viz. 
the S.N.R. ged Both will promote the joint effort by Euro- 
pean countries to launch commercially viable breeder reactors 
without which their economies would face great difficulties 
in the availability of cheap energy! 

Developments in the United States have been somewhat 
different. Former President Carter and his administration 
have actually cut back on the fast breeder programme for a 
number of reasons. These breeders use sodium for a coolant 
which is highly explosive. In addition, the product pluto- 
nium is very toxic and poses, understandably, huge problems 
regarding nuclear waste management. Last, but not least, 
the rising quantity of plutonium bred by these reactors 
would raise the risk considerably that such substances, with 
which almost a high school student could manufacture an A-bomb, 
would’ rall*into’ iti erty terrorise* hands: 

Whatever the likelyhood for such events, the point is 
well taken especially if there is an alternative solution 
which was chosen: a light water reactor working on the thorium 
cycle utilizing an existing light water reactor. This happened 
in Shippingsport, Pennsylvania late in the 1970s when an 
ordinary light water reactor was transformed into a thorium 


cycle light water slow breeder reactor.*! Spiked with 1,100 


pounds *of “U'"'233*for@ ignition in-mixture "with 40. tons“oft thorium 


the start-up of this reactor marked a turning point into 
the direction leading away from recognized hazards of the 
fast breeders towards a safer nuclear management. 

The Shippingport reactor is, of course, not the first 
to use thorium in the United States. Since 1966 the Phila- 
delphia Electric Corporation had an experimental gas-cooled 
40 MW power reactor installed in the Peach Bottom Atomic 
Power Station. It served as a prototype for a 330 MW plant 
buidt- atpPlatteville,Ccoloradesby .the. Public Service, Cor- 
poration of Colorado. 

The country which has gone unmentioned so far in this 
survey of development of breeder reactors is Canada. Under- 
standably, the ordinary CANDU reactor is an achievement of 
Canadian expertise in science and engineering technology 
and the deserved pride of the whole country. Still, Canada 
is far from exploiting its nuclear potential to the fullest 
unless steps are taken which eventually will set this country 
on course to the generation of electricity through breeder 
reactors. It will, of course, be difficult to overcome 
the head start which other countries have secured for them- 
selves. To have a commercially viable breeder reactor - made 
in Canada - will take about 20 years. The general impression 
conveyed by the various publications of Atomic Energy of 
Canada Limited is that Canada cannot be expected to make 


effective use of advanced fuel cycles before the turn of the 
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century.?? This does not imply a lack of scientific and 
engineering know-how on the part of Canada's nuclear physicists 
and engineers. On the contrary, they are well endowed with 
the technology necessary to build breeder systems. This is 
especially true considering that they will follow their own 
tradition as regards efficiency, health and safety which 
they established with the CANDU reactor. As a matter of fact, 
the design of the CANDU unit is adaptable for a breeder cycle, 
especially of the slow variety. 

Not only would such a move relieve the pressure on the 
allegedly scarce uranium resources of the country and of the 
world, but it could help initiate a reduction in the cost 
of electricity. The fact is that electricity generated by 
the ordinary CANDU system is already much cheaper than that 
produced by the coal-fired thermal stations.~* Breeders 
would also mitigate the energy consumption pressure on fossil 
fuels while, at the same time, the demand for energy is 
likely to grow.*> 

It was the former Senior Vice-President (Sciences) of 
Atomic Energy of Canada, Dr. W. Bennett Lewis, Distinguished 
Professor of Science at Queen's University who so eloquently 
pleaded the case for the CANDU-OC-THORIUM reactor on the grounds 
of its superb economic prospects.~° In a cost comparison for 


generating electricity at Pickering and at such a CANDU-OC- 


THORIUM reactor, the Pickering unit of energy officially costs 


fil whereas energy from a hypothetical thorium 


3.6 m (1949) $/kWh 
reactor would run as low as 1.45 m (1949) $/kWh, which is about 
half that cost. The case for putting a thorium reactor into 


service becomes even stronger if the general availability of 


thorium is seen in comparison to that of uranium. 


Occurrence of Uranium and Thorium 

Considering the possibilities offered by the utilization 
of these two fuel cycles it would seem important to comparati- 
vely examine the geological availability of the two feedstocks: 
thorium and uranium. The surprise awaiting the reader is that 
thorium and not uranium is the geologically more abundant of 
the two minerals. This has been brought out in the following 
breakdown: 

Average Abundance of Thorium and Uranium 


in the Earth's Crust, in three Common Rocks 
and in Seawater (in ppm) 2 


Element Crust Granite Basalt Shale Seawater 
Th gn 20 1s 12 inetehOme 
U IR) 5 OFS Sy ARS 0.0032 


See also note 29. 

Except in seawater, the relative abundance of thorium is 
three to four times greater than that of uranium in the crust 
of the earth and for the three of the common rocks cited. In 


granite, the rate of thorium occurrence is clearly four times 


larger than that of uranium. - Since uranium reserves will 
be studied later in this chapter, some light should be shed 
on the geographic locations of thorium in the world. 

The commercially most important thorium-bearing mineral 
is monazite which is widely distributed over all continents. 
Other thorium bearing minerals of somewhat miner significance 
are thorite, thorianite and uranothorite. 

piterbevenns takes the form of a sand with important deposits 
occuring along the sea shores of India, Brazil and Ceylon. 
Extensive deposits have also been found in South Africa, the 
Soviet Union, Scandinavia, Australia and North America with 
the main occurrences known in Idaho, Florida, and the ocean 
shores of the Carolinas.*? 

The mineral is normally recovered by dredging and con- 
centrating through physical, mechanical means resembling very 
closely the uranium recovery method. Thorium concentrates 
contain between three and ten percent thorium dioxide. ?? 

In Canada, thorium is officially recognized as 'closely 
associated mineralogically with both conglomeratic and pegma- 


ces It has also been emphasized that the ratios 


titiororesy 
of composition between thorium and uranium vary in these 
specific deposits. In the mining operations of Elliot Lake 
the rate was less than one. For the Agnew Lake deposits, 


however, that ratio was significantly higher as it was 


recorded between two and three parts of thorium to one part 
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There was a time (1959-1969) when Rio Algom produced 
thorium for industrial users in Great Britain? But since the 
end of that production “the thorium remains in the tailings", 
so one scientist laconicly remarked during a discussion. Let 
there be no doubt: there are other extensive thorium minerali- 
zations in this country and these reserves are larger than 
they were in ona be 

If the burn ratios of these two nuclear minerals are 
compared, it becomes evidently clear that the slow thorium 
breeder has a much greater: potential (efficiency) than the 
conventional CANDU reactor because a much larger stock of 
thorium is convertible into fissile uranium 233 whereas only 
two percent of natural uranium (i.e. the U 235) is consumed 
in the fission process. 

Professor B. Lewis pointed emphatically towards the 
economies - the savings that are obtainable from thorium 
utilization , Elaborating on the energy content of a fuel 


bundle of the types used in the Pickering Station he said 


that such a bundle "releases as much heat as would come from 


"releases as much heat as would come from burning 560 tons 
Of the “best ecoalyent contains sabout a20vikquUfor 1/50 -of"a 
ton and 50 bundles would yield the equivalent of 28,000 tons 
of coal. As the abstract has it ‘even the practical nuclear 
yields are tens of thousands of times as high as chemical 
energy yields'. The thorium fuel for CANDU-OC yeilds from a 
30 kg bundle the equivalent of 3,200 tons of coal or more 
than 100,000 times the energy from 30 kg of coal. That is 
the yield before recycling which multiplies the yield before 


recycling which multiplies the yield about a further 8 times." 


35 
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In addition, the relative abundance of thorium over 
uranium in the world should not allow a fear of a shortage 
of mineral fuels to emerge in this time, even if the 'short- 
age syndrome has been the general tenet of the 'Club of 
Rome'. That is why the same distinguished scientist from 


Queen's University was able to tell of his vision. 


"First, however, I must give you evidence that even 

if we have to pay more for energy in the next twenty years 
or so, the days of cheap energy are far from gyer, 

but have not yet come. They still lie ahead." 


In this sense, there is no doubt that nuclear mineral 
resources will last for centuries, especially in Canada, >’ 
and the world economies may be assured of continued growth 
and greater prosperity thanks to the role of a particle the 
existence of which was at first postulated about 60 years 
ago only to be really discovered in the 1930s after which 

it was put to work. In today's parlance, such developments 
are used as shining examples of the meaning of a very impor- 


tant term: technological change; and that as a change par 


excellence though not without aspects of imbedded risks. 


SECTION II: URANIUM CONSUMPTION: DIFFICULTIES IN ASSESSMENT 

Among the metals analysed in the context of this study 
none compare to uranium in difficulty to obtain consistent 
historical consumption statistics for the world and its 
consuming countries. That is simply why it has not been 
possible to include the consumption side explicitly into the 
computer analysis nor are the researchers sure that it would 
have produced better results for the forecast in Section V. 

It has to be understood that uranium metal serves three 
completely different purposes such that the need for the metal 
is not identical with its annual consumption in reactors to 
generate electricity. 

The three different categories of uranium application 
are: 

In? “Reaetor usage; 

2. Military requirements: 


3. Other uses. 


Reactor Usage 


As to the use in reactors it is a standard procedure 
to determine the base load factor for each and every reactor 
and, thus, ascertain what is generally called 'committed' 
uranium quantities. The term ‘committed U' refers to amounts 
necessary to keep a reactor running over a specific period 


of time which may be stipulated by law for a number of years. 


The time of commitment in Canada is 12 years. 

This base load requirement stems from the fact that a 
reactor has to burn a certain amount of uranium to maintain 
the chain reaction which lies somewhat above the 'critical 
point'. Should general demand for electricity be low, the 
reactor cannot be slowed down as is the case for thermal and 
even hydraulic powerplants or fuel cells. Were the reactor 
to be throttled below the critical point it would simply shut 
itself off. Therefore, once started it has to run until main- 
tenance or other conditions require a temporary shut=ort~ 
Consequently, it would stand to reason that the minimum amount 
of uranium required for all existing and operating reactors on 
earth is almost absolutely certain. 

In the same context, reactors under construction will, 
upon completion, exert a similar definite demand for uranium. 
However, the degree of certainty of the exact date of start- 
up of the reactor is subject to probable delays result- 
ing from changes in direction of public policy towards nuclear 
energy generation exercised by the public at large in light of 
environmental dangers. There are,of course,other causes for 
delays, such as strikes, work-stoppages, security aspects and 
just technical problems, to name a few. 

The third category included under the 'committed' uranium 
variety are those reactors to be built in the future and for 


which orders have been placed. Here, the degree of uncertainty 


will be even greater than for the reactors under construction 
enhancing the variability for projected committed requirements. 
The actual uranium absorption by running reactors has 
been very disappointing in the light of world-wide predicted 
consumption. As time passed on reactor requirements changed 
substantially year after year. Consider the year 1980. The 
actual burn-up stood in the neighbourhood of 18,300 metric 


tons of U,0, in the Western World. However, the prediction 
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in 1969 for 1980 had envisaged requirements of 78,900 metric 
tons. 2° Therefore, predictions on the base of uranium commit- 


ments are unreliable and leave much to be desired because 
they are two different things: one means the actual use 
while the other should imply the amounts of uranium which 
utilities are committed to acquire in the long run. 

In the same vein of thought the actual destruction of 
uranium in the reactor process is also not properly stated, 
especially since spent uranium could be recycled were appropriate 
facilities available in all consuming countries. Therefore, 
the 'once-through' usage does not necessarily mean that for 
each spent pound of uranium a new pound must be mined. Should 
respective policies be developed in the course of time for 
all countries predictions as to future consumption by reactors 
would have to be revised. This marks a further difficulty 
in determining the amount of uranium that will be consumed. >? 


Furthermore, specific quantities of uranium are stored 


ie 


as absolutely necessary inventories. When they are purchased 
they appear as uranium in the hands of utilities and wait 
to be consumed. No utility company with nuclear capability 
can run the risk of not being able to feed its reactor(s) 
for a certain number of years ahead. Therefore, these companies 
Must pile up such inventories which are determined by expecta- 
tions concerning the future availability and reserves, uranium 
prices as well as interest rates and changes therein, to name 
just a few factors. If prices are expected to decline while 
the interest rate is high there is a clear reduction in the 
need to hold a given quantities of inventories. Consequently 
the quantities demanded in the market by the users must decline. 
However, it is also clear that these economic factors may not 
be included when future committed requirements are taken into 
consideration in establishing overall consumption demand for 
uranium fuel. Note also that the manufacturers of reactors 
and those who produce nuclear fuels have to hold inventories, 
too ; so do the various uranium procurement organizations in 
all countries with nuclear reactors. 

For the United States, some indication is given. by 
the relation of inventories held to annual industrial use. 
According to the U.S.B.M. the ratio averaged 2.36 years inven- 
tory supply to consumption needs for the years 1969 to pogaee 
excluding, of course, strategic stockpiles in military arsenals. 


The NUEXCO established a similar ratio for the Western 


World, “+ which, with a factor of 6.2 years supply, was much 
larger than the one set out by the U.S.B.M. This difference, 
though for two different time batthaa’ only points’ to’ the 
difficulties one encounters when one includes inventories 
into the analysis. On the one side, there is enough uranium 
in inventories in the United States to last 2.4 years while 
world-wide stocks would hold out for 6.2 years on the other. 
Here uranium stockpiles by governments and procurement organi- 
zations are also included. In addition, there is some type 
of consensus that the stocks held by utilities only amounted 
to about two years of feed stock in 1980.77 Therefore, the 
ereneeee variable would have to be disaggregated into its 
various components for the world as a whole. 
The stockpile requirements would also change if one 
is to look at the possibility of recycling spent reactor 
fuels. Fuel savings would be substantial while the require- 
ments for newly-mined uranium would be affected accordingly.?3 
Another interesting point has to do with the strength 
of uranium 235 content and the ore grade. Any qualitative 
increase of enrichment requirements would entail substantial 
variations in effectively needed uranium from the mines.*4 
Furthermore, there is the lead time required for mining, 
milling, refining,enriching and, finally, the processing of 


uranium into fuel proper. These separate functions have their 


own pecularities not only in the technical sense but also 


when seen in light of governmental policies of the various 
countries. The outcome depends in no small measure on the 
given enrichment facilities in the world. The larger the 
requirements for uranium fuel, given a fixed enrichment 
capacity, the greater the lead time. In turn, this lead 
time may be shortened as more countries build their own en- 
richment plants and as the enrichment technology is improved 
and becomes more efficient. These changes would decrease 
the dependencies of the consuming countries on a few countries 
with enrichment facilities. This point, of course, holds 
only for light water reactors. The inclusion of the CANDU 
systems and their relative significance to the other reactor 
systems would likewise increase the complexity of the lead 
time, and, eventually, of the determination of uranium con- 
sumption. 

It should therefore be clear that the concept of 
uranium consumption involves a large variety of factors 
and conditions in a considerable number of countries enhan- 
cing the technical complexity of determining consumption 
unless all these parameters could be quantified, which is 
highly unlikely for the average student without inside and 
classified information. 

In short, uranium consumption is a complicated variable 
and outside the proper assessment by this study. At best, a 
technical relationship may connect the actual need for 


fuel and the mine demand for uranium. It should be added 


that the price of uranium has played a relatively insignifi- 
cant role for utilities in the past whose costs of reactors 
and of maintenance and operations has been highly capital- 
intensive such that fuel cost did not matter as much as the 
certainty of its availability. 

And finally, this picture for uranium consumption 
for the world as whole becomes even more blurred were such 
a tabulation to incorporate reactor requirements and inven- 
tory aspects of the communist countries. Not even the NUEXCO 
does attempt to solve this problem even if some general infor- 
mation about the reactors in those countries is available 
as e.g. in Table 1. Such a study in depth lies outside the 
realm of the physical possible. 

By and large, the world may look upon a total population 
of 530 nuclear reactors one day in the foreseeable future. 
This is a rough figure and is based on information taken by 
Lloyd from Nuclear News. This is ten more than listed be- 
cause a number of existing reactors were not in operation. 
This was especially true for the United States where reactors 
had been shut down for inspection following the events at 
Three Mile Island. 

This table separates clearly the number of reactors in 
the Western World from those in the centrally planned economies. 
205, or 85 percent of all operating reactors in the world 


were located in the Western Hemisphere. This holds also 
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Table 1 
Nuclear Reactors in the World 


(In operation, under construction, and planned) 


Country In Under Planned 
Operation Construction 


Western World 


Argentina ak il 1 
Austria 1 completed but under approval 


India 3 


South Korea a 
Libya - 
Luxemburg r 
Mexico 
Netherlands 
Pakistan 
Philippines 
SouthnwArtrica 
Spain 

Sweden 
Switzerland 
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United Kingdom 
United States 
Yugoslavia 
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Subtotal 205 Ly 
Centrally Planned? Countries 


Bulgaria 2 
Czechoslovakia 2 
Finland (Russ. technology) 2 
East Germany 4 
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Soviet Union 26 ab 


Subtotal 36 32 3 


TOTAL 241 208 ge 


Source: Extracted from. an areacie by, 


M.A.R. 1980, p. 
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BeC.du Lloyd, 
'Total world units as given by Nuclear 


'Uranium', 


News, February 1980, were 530 representing 405,768 MWe. Caution has 


to be exercised in the interpretation of this table because 


experimental reactors carry as much weight as commercial 


reactors. 


Reactor 
Operating 


Nuclear Power 
Demonstration 


Douglas Point 
Gentilly 
Pickering 1, to “4 


Bruce, |,2cy ana a 


Tabie 1 continued 


Owner 


Atomic Energy of Canada 


Atomic Energy of Canada 
Atomic Energy of Canada 
Ontario Hydro 


Ontario Hydro 


Under Construction or Committed 


Bruce 4 
Pickering 5 to 8 
Gentilly 2 


Point Lepreau 


Bruce 5 to 8 


Planned 


Darlington Ito’ 4 


*Figures in brackets exclude the experimental 
reactor. 


Demonstration' 


Source: R.M. Williams " Uranium", Canadian Minerals Yearbook 
1978, Energy Mines and Resources, Mineral Report 28, 
LOSOn sobe ao 7 Table 7) (ni(s)’) 


Ottawa, 


Ontario Hydro 
Ontario Hydro 


Quebec Hydro Electric 
Commission 


New Brunswick Electric 
Power Commission 


Ontario Hydro 


Ontario Hydro 


Years 
In-Service Capacity No. 


1962 


1968 
Oe 
197 1=—7% 
LOT Te § 


1S 2) 


L981 2383 
1980 


1981 


LI8S=66 


1985-88 


GW 


3.40 


TOTAL 2 24 jo 


"Nuclear Power 
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were located in the Western Hemisphere. This holds alsa 
for 176, or 84.6 percent,of those under construction. As 
to the reactors on the drawing boards in the communist 
countries not much is known yet. Therefore, the apparently 
high proportion of planned reactors in the non-communist 
world may be misleading if accepted without qualification. 

In turn, it is also unmistakenly obvious that the 
U.S.A., France, the U.K., Japan, West Germany and Canada 
are the leading industrial nations with the largest number 
of atomic reactors in operation. No doubt, their economies 
rely already now heavily on this type of power supply and 
will increasingly depend on this energy source in the future. 
This may be seen from the reactor construction projects 
underway. It is also interesting to realize that the United 
States had planned to have 185 nuclear reactors in power 
plants by the year 1990, which is equivalent to 35.6 percent 
of that specific world total of 520. 

Likewise, the Soviet Union is the indisputable industrial 
leader of the communist countries and, thus, disposes of the 
largest quantities of reactors among those countries. Still, 
all other countries of Eastern Europe seem to be well on 
their way to tapping the vast potential of nuclear power. 
This is brought out by the relatively equal number - between 
two and four for each country - of reactors under construction. 


In this respect they, too, have fewer under construction 


than in operation just like the countries outside the Eastern 


blocks 


Unfortunately, China had also to be deleted due to a 
lack of general public information. However, there is no 
doubt that this country has made great headway in the nuclear 
field with uranium reserves and reactor intentions left for 


the footnotdt>2) o¢ Section IV. 


Military Requirements 


The pictures of Hiroshima and Nagasaki of August 1945 
need no further elaboration. The detonation of these two 
atomic devices initiated the so-called 'Nuclear Age'. Today, 
two types of weapons are recognized: strategic and tactical. 
The former relates to the means by which certain powerful 
countries expect to maintain their country's security. 

The, Count KrLEeSsTiso. involved! ino this, particularsitype! off military 
defense are the U.S.A., the U.S.S.R:, the U.K., France, 

India, and China. There may also be some other countries 
whose covert intentions have eluded official international 
inspection and surveillance. No doubt, other countries may 
join the nuclear weapons club in the years ahead regardless 
whether or not they have signed the non-proliferation treaties. 

The second type are the tactical weapons developed 
for ground support in actual theatres of operation ina 


potential conflict. These weapons do exist in a variety 


of forms on both sides of the political spectrum of East 
and West sides of the globe. Not only the United States 
and the Soviet Union are keenly preparing to meet that 
awesome challange, but other countries,too-such as France- 
carry their own tactical nuclear arsenals. 

In the context of this study, the immediate question 
arises concerning the quantities of uranium which have 
been absorbed annually since 1956 into the production of 
these weapons by the nuclear powers? That answer is simple. 
It has not been published as mystery and secrecy surround 
these figures on grounds of each nation's own security. 
Since these weapons exist, the uranium and the plutonium 
for their warhead have been produced from uranium that 
was mined. Can this be called consumption in the same 
sense as nuclear fuels are utilized in power reactors? 
Certainly not: but it is self-evident that the weaponry 
requires uranium to be put into these arms: therefore, 
there is a need for that purpose which relates to the demand 
for mined uranium. Yet, the application of uranium for 
nuclear weaponry must remain a big unknown for all countries 
so equipped or with the intention to join the military 
‘nuclear club'. This quantity cannot be incorporated into 
the consumption data. That is an additional and supportive 
argument why consumption figures are incomplete and unsuitable 
for proper analysis within the frame of reference of this 


study. 


Other Uranium Uses 
Besides the familiar fuel and weapons application of 
uranium, this metal serves other important commercial purposes 
than one is inclined to think at first. This additional use- 
fulness of this metal should be demonstrated merely by a 
listing of its areas of service. The metal is needed in 
two forms: a) in its natural state and b) in depleted or 
spent form. | 
a)-in propulsion systems 
-for underground tests and rock blasting (of shale) 
-medical use of isotopes 


-early use in glass, ceramics and other chemical 
applications e.g. as catalyst 


-glass colouring and as coolant in the glass industry 
=as alloys invcatalystmrnmtne plastic industry 


-in the electrical industry in connection with X-ray 
tubes, specific electrodes and resistors. 46 


b) The depleted uranium which is void of any nuclear 

substance or particle is a very valuable resource: 
-its high density provides for a better radiation 
Shield than lead making for lighter containers of 


radioactive materials 


-as counterweights in space vehicles, missiles and 
aeoraLt 


“military application in special equipment parts, 
ammunition and specialty shells, especially as 
alloys with molybdenum and titanium. 


Understandably, spent or depleted uranium is, from the 


economic point of view,a by-product of an industrial con- 
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sumption process which again becomes an input. It is obvious 
that this new product is available in such large volume from 
the vast masses of fuel burnt that only 10 percent of the 


48 AS SUCH Le 


spent uranium finds industrial application. 
does not affect the consumption needs of uranium nor the de- 
mand for mined uranium in a positive way, if at all. To 


be sure, spent uranium does not mean radioactive waste but 


a puraiied product. 
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SECTION III: THE PRODUCTION OF URANIUM U30, 
Western World, Canada and Ontario (1956-1979) 

Hence forward, the term 'world' comprises of the countries 
outside the communist orbit’? and by uranium is meant uranium 
U30, unless otherwise specified. In this sense the world pro- 
duced 13,124 metric tons of uranium in 1956, the year since 
when consistent production statistics are Be ete: In the 
year 1979, uranium output had been rising to an annual total 
of 44,977 metric tons as shown in Table 2. This was equivalent 
to an increase of 242.7 percent over the entire timespan 
from 1956 to 1979. This sharp rise of production, however, is 
not evident when average annual outputs of the first and last 
five years are compared with each other. The former average 
stood at 28,746.4 metric tons while the latter was computed 
at 32,006.4 metric tons reflecting a rate of growth over the 
entire  perlod of) 23 wearcior abouts. 1> percent, or by 
annual percentage point additions of merely 0.48 of one per- 
cent. 

What happened? The answer to this simple question 
is illustrated in the same Table. Output of uranium shot up 
in those earlier years. By 1959 annual production had reached 
39,318 metric tons. In the following years, annual production 
declined to the 17 to 19,000 metric ton level (1965) and 
stayed that low for a ten-year period until 1975 inclusive. 


Thereafter it started to climb and it was only in 1978 that 
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Table 2 
Western World and Canadian Uranium Production 
And Canada's and Ontario's Significance as World Producers 
For the Years 1956 to 1979 
In Metric Tons and Percent of World Output 


Year World Canada Canada Ontario 
Metric Tons % % 

1956 13,124 2,068 1594/6 Sie 3 
1957 A let i 6) G7 Ul9 28.42 AY APE eS 
1958 3251879 27 biG 36:97 27.54 
1953 30S 14,414 36% 66 29.40 
1960 SNES) Us} Ba sy oy S09 24.06 
L961 32,924 8,744 267.56 20% 62 
1962 Sle 292 7,646 24.43 18.56 
1963 28,145 | Agi i 26.92 2005S 
1964 Zoe 6,609 273580 22,555 
1965 io, 055 4,031 7 i Sg LG~. 6.0 
1966 iS] Nik 3%, Off 2 Ocedbdl: Toes 
SE Yove! led, paseo Sh 3 od: ners! 4627 
1968 20,870 Spee Ne | 16.09 Li 65 
1969 bly BERSW 3,420 19.48 14.97 est. 
1970 183,22 Oa 3,234 dey eile 14.45 
LOL LS: 53a) 3,160 1 7x0: 14.51 
os 2 19,880 4,000 2012 ney A LE) 
IBS ge L9G 3 1S 3,710 1576 1.67.00 
1974 18,472 3,420 1 8:.'Ssk Sree a 
2975 9 Die 0 35,0:.,0 18.40 15.99 
L276 227205 A590 hel Baried e) 15207 
gS oe Se iret eae Opoel PN When 8 2) 2,60 
L97S 40,008 870122 2,0:.105 ls Lo 
1979 44,977 8,136 1809 11.249 


Source: United Nations, Statistical Yearbook, New York, N.Y.; and 


Technical Information Paper, No. 2, Table 9, p. 18. 


the peak performance of the year 1959 was finally surpassed. 
Therefore, the world uranium industry had suffered a sub- 
stantial setback lasting for almost two decades. In short, 
after a brief and strong initial surge in the production of 
a mineral which came to fame and sudden demand by a revolu- 
tionary technological innovation, that demand declined and 
so did output. This was especially true since the apparent 
consumption of the metal as fuel was only a fraction of out- 
put such that a huge stockpile of uranium had been sreataer 
In this sense, uranium is the only metal under investigation 
which differs fundamentally in its mining output performance 
from all other metal in that it did not display some type of 
a continuous upward trend over that period. The world uranium 
industry, during its short history of existence, has been 
exposed to an unusually long run swing with a large amplitude 
in output covering a timespan of twenty years. 
Canada 

Canada's uranium output in 1956 stood at 2,068 metric 
tons and rose to 8,136 metric tons by 1979. The apparent 
annual difference of a growth factor of 293.4 percent is, of 
course, Similarly deceiving as for the world as a whole. 
When measured against the averages of the first and last five 
years, an actual decline from 9,243.8 to 6,269 metric tons 
is clearly noticeable. This means a reduction by -32.18 per- 


cent over the period. Therefore, the Canadian uranium industry 


has performed worse than the world as a whole! 

In 1959 it produced 14,414 metric tons which is still 
the unsurpassed production peak. Even in 1979, when 8,136 
metric tons were mined, that previous peak was still out of 
reach by 6,278 metric tons to be repeated: This means that 
Canada's uranium industry absorbed the slump to a larger 
degree than the remaining uranium producing countries in 
general. This performance testifies to the fact that the 
Canadian uranium mining industry is much more vulnerable 
than the industries in other countries including the United 
States. 
Ontario 

In 1956, the uranium industry of Ontario started at 
a very low level producing 19.88 percent of uranium ores 
compared to Saskatchewan which then was the main supplier 
(60.96%), while the Northwest Territories were almost as 
important as the Province of Ontario. 

This picture changed rapidly from 1957 on when the 
Province of Ontario accounted never below 63.53 percent- 
in 1979-of all uranium mined in Canada. Ontario's greatest 
relative share stood at 86.90 percent in igysee In recent 
years, a relative decline set in for Ontario as Saskatchewan 
started again to forge ahead strongly in uranium mining 
staging something like a 'come-back'. This is due to the 


discovery of large and extraordinarily rich uranium orebodies. 
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On a world scale, Ontario supplied closely to 30 percent 
of the world total in 1959, the peak year of Canadian uranium 
production. Ever since, a gentle decline in this distribution 
eroded Ontario's significance as a world uranium producer 
with the exception of the year 1972 when 3,822 metric tons 
were mined in the Province amounting to 17.37 percent of the 
world total. However, at the end of the decade Ontario's 
position in the world uranium field was between 11 and 11.5 
percent. It represented a decline from 30 percent but still 


had to be judged as large considering the new entrants to the 


world uranium scene since 1956. 


The Main Uranium Producing Countries 


The United States is, unquestionably, the most important 
offall uranium, producing countries: (Table, 3)”4 “Itsishare, in 
world output has consistently been above 40 percent of the 
total until the 1970s when other countries such as Niger, 
Gabon and Australia moved strongly into the field of uranium 
mining. It is of special interest that during those difficult 
years in which the uranium mining industry found itself the 
United States was able to raise its relative share from 40 
to 50 percent. This meant that the United States decreased 
its uranium output at a lower rate than the other producing 
countries such that the industry outside the U.S.A. 


carried a greater burden a country which is the chief 
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Table 3 
World Production of Uranium (Non-Communist World) 
And Distribution by Main Producing Countries 
For Selected Years Between 1956 and 1979 


In Metric Tons of U Og and Percentages 


3 
Year F956) oem oss | Mosc lato emlg75.. Lazo"? 
World Total 3) 
ins Metricadvonsa13) 1244 37573060 187653, 17 vol ele, 200) 19),080,44,977 Rank 
Country % % % % % % % # 
Argentina - Gree Okey O22 Oise Us5 
Australia oie 2 ke Les LehT 1.4 nat ac 6* 
Brazil 2 = = = = - ee 
Canada Los 320 21086 20.01 TG) ces) 18.4 lech aal (2) 
France - 3.4 6.9 es 2 Sask Oe L (6) 
Gabon ae = Sy OAS, Shee” Zee 4.2 Zi0 (7) 
Namibia c - - = = = Or. (4) 
Niger - - - - - 6.8 rent (5) 
Portugal = = Oree Dee = 0.6 OZ 
South Africa 248 bw ISN) 14.3 16+8 17.4 oO LB2 6 (3) 
Spain - = 0.3 Os (ORS) Cie Wag, 
United States 41.5 Le ee 50.6 49.0 54.4 46.6 aieT (19) 
Total 89.6 347, 4 O95 POL2 997.9 GOR Oro 0 


Source: United Nations, Statistical Yearbooks, «Uranium», New York, N.°‘ 


Ll) gaLre produced.) 71/9 metrie tonsvom 6.9% of the total in 
195607 others y'-1 25% 
b,088 metric tonsyor 2.9% of the total in 
LSGO; “others <--0%7/ 


2) For most countries the figures for 1979 represent planned 
quantities expected to have been produced. 


3) Also note that the world total for 1979 is taken from 
Mieke 519807 °D. 03% 
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consumer of the fuel metal. 

In the year 1956 South Africa was the second largest 
among the world's uranium mining countries but lost this 
position to Canada in thesi960%s..45y-19./.9,.-Canada still 
held onto 18.1 percent of the total while South Africa 
stayed in third place with 13.6 percent followed by Namibia 
with 9.7 percent as the share of world uranium output. If 
this Output of fourth-place Namibia coming from the Rossing 


mine>4 


is included under the production figures of South 
Africa, a total of 23.3 percent would be commanded by this 
combination of countries which would place them ahead of 
Canada. 

Niger came to the forefront as a uranium producer only 
during the 1970s and succeeded to rank as the fifth largest 
supplier (8.7% in 1979). France, in turn, is the next 
producer of importance holding 6.1 percent of world 
output in 1979. The last of uranium mining countries with 
a share greater than two percent is Gabon. It commanded 
2.6 percent in 1979 which actually represented a decline 
after se vhadwheld"atready 4.2 percent “in*l975<- "In I9795it 
mined about 1,180 metric tons compared to 1,660 metric 
eons fin -L977 peane™to “3800 "metric “tons "in, 1975% 

No doubt, Australia is the country to be watched 
during the next two decades as it is quickly developing 


its substantial uranium deposits. Its impact on the world 
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distribution is already recognizable considering that it 
produced 1.6 percent of the total in 1979 while for the 


year 1980 its share had risen to 3.8 percent. 

Canada's Trade in Uranium 

(Radioactive Ores and Concentrates Commodity Item 259-55) 
The. Years 21955=197) 

Canada has always been a strong exporter of uranium 
during the entire period from 1955 to 1980'81 and its balance 
of international trade has benefitted greatly from this 
trade. The export quantities, however, are not listed in 
Canadian trade statistics. Only the values of shipments are 
recorded! Since there were essentially no imports of uranium 
into Canada, column (3) of Table 4 reflects this benefit 
as expressed in nominal (current) Canadian dollars. To the 
extent. that imports occurred, certain reexports are recorded, 
though only during the years from 1958 to 1961 at the height 
of the first uranium boom. 

Starting with an export value of $Can 26.5 million in 
1955 Canada reached an export value of $Can 312 million in 
1959. Until 1957 inclusive, the United States had been 
Canada's principal and only customer. From 1958 on, however, 
the United Kingdom became what was to be our most reliable 
client which is conceivable from the consistency displayed 
by British import values of Canadian uranium over almost 


the entire period of time. Except for the years 1970 and 
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Table 4 


Uranium Output of Canada and the United States 
FOr@the- years. 1956 tor roy9 
Value of Canadian Shipments of Uranium Ores and Concentrates*) 


To the World, the U.S.A. 
For the Years 1955 to 1981 


PrOaGucclon: OF U30, 


Metric Tons 


Year U<eS.As< Canada World 
(1) (2) (3) 
1955 267555 
1956 Dade 2,068 ep hk 
LoS? 7,836 6,019 e279 35 
1958 iPS Se: KOE L256 276,506 
1959 14,893 14,414 SFE; 904 
1960 Lo, 20S yo On 263,541 
L962 TS, oud 8,744 Eg 2S P22 
1962 15,428 7,646 166,009 
1963 12,898 Wh, St 7? 5 32 
1964 LO ead 6,609 74,653 
LoS 9,473 aos sh 53,698 
1966 SO 8,267 36,366 
1967 Speirs ar, Sok 237074 
1968 Ll, 40:3 35D, 26,067 
1969 8,900 3,420 24,507 
1970 9,900 S24 26,025 
1971 9,929 Syd Mog) 17,687 
1972 9,900 4,000 39,496 
LS ps: EO, 200 PT Ls g®) 64,150 
1974 8,900 3,420 esd BeOS) 
1975 8,900 3 oO 47,052 
1976 9,800 4,850 61,592 
1977 3D UA G/oe7 , 450 
1978 LG, LOU §,022 200 7250 
1979 Fogo L G-. 36 378,862 
1980 280,662 
1981 (June) 82,493 


1) -ounded from $800. 


and the U.K. 


(June) 


Value of Canadian Exports of 
Uranium Ores and Concentrates 
(Radioactive Ores and Concentrates) 


USA 
(4) 


26,533 
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127,934 
262,675 
2789923 
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34,862 
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it 
13,503 
32,603 
25,905 
18,256 
16,598 
40,509 
39,627 
38,949 
22,605 
290772 
26,064 
14,996 
8,990 
eps 
16,456 
19356 
a1 627 
£I¥937 
20,541 
2,590 
39,106 
18,851 
10,319 
10,720 
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1977, annual exports never dropped below a value of $Can 
LO" niltion. 

In contrast, exports to the United States underwent 
drastic changes during this time. As Canada's uranium indus- 
try had been built in response to ever-increasing needs to 
the south of the border, a definite dependency existed for 
the industry on what happened down yonder. The initial 
strong demand for Canadian uranium exports had their source 
in the defense requirements of the United States. However, 
the day came that the two major participants in this nuclear 
game - the U.S.A. and the U.S.S.R. - had nuclear arsenals 
large enough to kill their populations and those of the 
remainder of the world n-times over. The rate of nuclear 
weapons growth seemed to slow down and with it the need 
for uranium. The time of detente had arrived. 

During the same years, the requirements for reactors 
to generate electricity were still a fraction of annual 
world potential with the unavoidable result that uranium pro- 
duction in the western world fell off sharply. In addition, 
the uranium industry in the United States was able to exert 
sufficient pressure on the government leading to an import 
embargo which had been preceded in 1959 by the Atomic Energy 
Commission of the United States not taking up further options 
on imports of uranium from Canada. This was in spite of 


pleas by the Canadian government authorities to reconsider 
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and possibly to modify a plan which was to create havoc in 


a2 Eventually, the Atomic 


the Canadian uranium industry. 
Energy Commission (U.S.A.) prohibited the use*o£f foreign 
uranium, even if it had been enriched in the United States. 
Ths Meese meant a modification of the embargo since it 
left a door open for stockpiling and forward Slirciasest>° 

The consequences of these policies are obvious for any- 
one studying the uranium export performance as shown in Table 
4. From $Can 278.9 million world of uranium exports to the 
Uo. ie Loo Osos LimpOrts virtually disappeared as in 
1968 a total of three thousand Canadian dollars worth of ura- 
nium were shipped to the neighbouring country in the south. 
This meant a reduction to one hundred thousandth of the 
peak export value to the U.S.A. Of the year 1959! 

This policy did not fail to show very positive effects 
on the uranium industry in the United States. While Canadian 
output" declined’ trom=3 ,39)i- metric” tons’ 1n* 19674 te S7oo7 in 
1968 - or by - 2 percent, the output in the Western World 
rose by” 20.5” percent trom 1/;,o2o" toe 20 ,ovOemetric tons. For 
the same two years uranium production in the United States 
rose bys, l25"metric tons -cromc, 27" to 115,403" metric’ tons 
or by 37.8 percent. The Canadian uranium mining industry 
proved highly vulnerable to external factors, especially 


to conditions and events taking place in the United States, 


our main trading partner, as we thought. 


In order to absorb the worst repercussion which such 
measures had on the industry, the Canadian taxpayers came 
to the rescue of this sector of the Canadian mining industry. 
The Canadian government began to purchase and stockpile 
uranium. In 1970, the stockpile was reported to have reached 
"9,650 tons of uranium", or about three years production. By 
that time a second stockpile was being started in cooperation 
with Denison Mines. 

In 1971, annual export value of Canadian uranium had 
dropped to 17.03 million after the United Kingdom had lowered 
its imports from Canada especially in 1970. 

The Uranium Cartel 

Between February 1 and 4, 1972 an organizing meeting 
was held in Paris by government representatives of the uranium 
producing countries of Canada, Australia, France and South 
Africa who were joined by representatives from the Rio Tinto- 
Zinc Corporation. After several meetings centering on the 
market arrangement and on legal aspects of cartels and govern- 
ment involvement the cartel was finally launches in the middle 
of that year. A market bid mechanism working through cartel- 
determined price schedules and market distribution schemes 
with quotas were agreed upon and implemented. Surveillance 
of operations was in the hands of a secretariat to guard 
against violations of the cartel agreement by firms of parti- 


Cipating countries. Penalties for infringement on such 
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contractual cartel commitments called forth fines in terms of 
“dollars, tonnage, and quotas", 7° 
Objectively speaking, it has to be realized that produ- 
cing countries of the Western World outside the United States 
had accumulated substantial stockpiles of uranium. Besides, 
Canada, France, too, held great inventories reported in the 


neighbourhood of 10,000 tons at the eigne aa 


They faced the 
following alternatives: either the stockpiles or part of them 
could be sold or the industry would have to curtail production 
further until market conditions improved. The fear of inter- 
national dumping introduced a degree of urgency into the atmos- 
phere as governments who had subsidized the industry tried to 
recoup the invested funds. A tight allocation scheme with 
upward moving prices and the stipulated removal of all fixed 
prices in the (forward) contracts after 1978 were some of the 
special features which aimed at improving the market for both 
the industry and the concerned governments with a view of 
reducing stockpiles while simultaneously escaping from fixed 
low prices in future contracts which seemed to have kept 
uranium prices from rising. 

The interesting point is that this cartel was created 
with the apparent cooperations of governments at more than a 
full year before the OPEC price hike. 

The price rise of uranium was initiated by the cartel 


but it obtained additional momentum and considerable uplift 


from the rise of the price of crude oil and, subsequently, 
of energy. Furthermore, it has been argued by Canadian 
experts in this field that,due to the peculiar nature of 
the consumption, demand and production relationships, the 
market, then, had been ready for a long overdue reversal®°? 
of the downward trend in uranium prices. It was said that 
the industry was about to pick up anyway. On these grounds 
the cartel would have been unnecessary. In turn, OPEC's 
hike of oil prices the independent reversal of the down- 
ward trend of the uranium market and the cartel arrangement 


catapulted the uranium price to its unprecedented heights, 


while the market had been primed for events to come. 

Let it not’ be forgotten that the threat of scarcity 
for any product will force prices of that commodity up as 
users start to scramble for supplies to secure their consump- 
tion needs. Here, it was the scramble for supplies to 
secure’ reactor peratrons: far ainromene future. » —fn’this 
context, forecasts of demand and supply emanating from 
respectable international and national organizations - 
private and public - became helpmates in bringing across 
the fear of danger that demand would outstrip supply. 
Simple mathematical growth models flourished well ina 
doomsday atmosphere of limited resource availability pro- 

oy 


pagated by the 'Club or Rome'. Such non-functional models 


exclude crucially important factors such as price behaviour, 
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aspects of technological change and general economic perfor- 
mance as well as market structure. No question, these models 
are superb and elegant in all their mathematical formulations 
but their rigour and the underlying assumptions help create 
conditions untenable in the long run! 

The price improvements aimed at by the cartel came about 
much faster than the cartel participants could have dreamed 
Of when they set it up. The combined effect of the cartel, 
the push by OPEC and exaggerated demand predictions under 
fixed uranium reserve assumptions succeeded in accelerating 
uranium prices drastically. 

Early in 1975, the cartel ceased its operations and it 
transmigrated across the Channel to London in the new form of 
the Uranium Institute. A pound of uranium did cost $US 20/1b 
(U0) reaching an average of $US 23.68/l1b (U30.) forethat 
year. It had also become clear that the United States would 
lift the embargo in 1977/78. However, there was to be an 
aftermath to the cartel affair because certain companies were 
unfavourably affected by these soaring uranium prices anda 
U.S. politician, Congressman John Moss got wind of the cartel.°* 

The company in difficulties and willing to take action 
turned out to be Westinghouse. This is an electrical company- 
not to say industrial giant- which also happens to build 
nuclear reactors. Whenever it sold such a piece of capital 


equipment it used to include in the contract, for a sweetener, 


= 6G <= 


a full supply of reactor fuel over the life of the reactor 


63 with the accelerating upward 


at da Lixed low) price. 
movement of uranium prices Westinghouse encountered severe 
problems in acquiring uranium at prices close to the ones at 
which it had contracted to deliver fuel to its Gustomers.°* 
Supplies started to run short as the price has surpassed 
that’ $US 20/15 Limit. “in-Octoper of 1975, Wescingnouse 
declared its inability to honour its uranium fuel supply 
commitments. The utilities, for fear of both immediate and 
long run shortages, jumped into the market and drove the 

price of uranium over $US 44/lb.Westinghouse blamed the cartel 


Tepe abies difficulties,°” 


A variety of legal disputes ensued and the matter is 
still before the courts. For instance, the Justice Department 
of the United States investigated the anti-trust aspect of the 
the cartel in the United States fining Gulf Minerals $ 40,000. 
And 17 companies, mostly utilities, took Westinghouse to court 
for breach of contract. Westinghouse, in turn took legal 
proceedings against 17 American and 12 foreign firms including 
Rio Algom, Gulf Mineral, Denison and Noranda to court in 
Chicago for treble damages of $6 billion: The Chicago 29. 
About nine companies did not appear in court in the capital 
of the midwest and, subsequently, had their assets frozen as 


they were in default. Since mostly foreign companies were 
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involved, the governments of Australia, Great Britain and 
Canada had passed measures preventing these companies from 
divulging privileged information. As matters stand, the 
court has moved to Toronto in September 1981 and the outcome 
of this far-reaching court battle is being awaited with great 


me It should not be forgotten that Westinghouse 


interest. 
May see this as a splendid opportunity to return the favours” 
of the electrical industry for the beating they took in the 
1960s when ten of them were convicted of price-fixing with 
treble damage suits coming from clients such as TVA, while 
some of the top executives went to jail for a month! 


In Canada, the Honourable Warren Almond,then Minister 


of Consumer and Corporate Affairs, ordered an inquiry pursuant 


to paragraph 8(c) of the Combines Investigation Act into 


uranium marketing in @anada soa The question to be answered 


by this investigation is whether or not the cartel arrange- 
ment may have led to violations under the Act. The result 
will be interesting considering that the Canadian government 
was directly involved in this marketing arrangement and had 
been warned by Dr. Henry, then, the very respected director 
of the Combines Investigation Branch of the Federal Govern- 
ment in Ottawa.°/P 

Canadian Uranium Trade 1972-1979 (-June 1981) 


As other countries besides the United States -the 


United Kingdom and France-became producers of nuclear power, 


a certain though unspecified volume of Canadian exports was 
actually destined for reexports to end-user nations 

If these countries in question were utilizing light water 
reactors, the uranium of Canadian origin would be enriched 
under contract in the United States after which it would be 
shipped to the end-users. Therefore, any change in the value 
of shipments to the U.S.A. may likewise contain and reflect 
upon such U.S. reexports of Canadian-mined uranium. There- 
fore, international shifts of demand for uranium away from 
Canadian raw material may explain quite sudden drops in export 
receipts, but not the reason for those shifts: 

As Canadian uranium exports receipts had fallen to $Can 
177° million the”effect “of “higher * prices y=s8nobtmtonsayiof£f the 
cartel - led to a noticeable improvement in the uranium export 
balance. Receipts from uranium shipments were $39.5 million 
in 1972 (Table 4) of which 23 million came from the United 
States. By 1973, export values to the United States doubled 
while overall exports climbed to a value of $Can 64.1 million. 
In the following years, a decline in export receipts set in 
while actual annual production of uranium in Canada remained 
relatively stable though at fairly depressed levels (Table 4). 
By then, exports to the United States had fallen to a value 
of $Can 26.5 million even though, then, the cartel officially 
did not exist any longer. 


In the year 1976, the value of Canadian uranium exports 
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rose as output, too, started to advance. This means that it 
took a lag of four years of stable levels of production until 
the uranium industry saw it worth its while to step up pro- 
duction: In 1977, uranium exports valued $Can 75.4 million 
with exports to the United States accounting for $Can 72.8 
million. With both the end of the embargo and rising prices 
uranium exports soared to $Can 207 million in 1978 of 
which 79.1 percent went to the United States. The value of 
uranium sales in the following year (1979) scored an all-time 
high with $Can 378.9 million in receipts whereby shipments to 
the south of the Canadian border contributed $347.4 million 
er Ils] spercent’. 

If one is to extend the discussion beyond the limit of 
1979 as applied to the other metals in this study, the picture 
changes quite dramatically. As the spot price of uranium 
started to turn in a downward direction export values for 
1980 decreased to 280.6 million and the share allocated to 
the United States had fallen to 74.8 percent. Exports of 
uranium to the U.S. were $Can 210 million meaning a decline 
of 39.6 percent. 

For the first half year of 1981, the picture is even 
more dismal. Until June of 1981 only $Can 32.4 million were 
exported with only half of it attributable to sales to the 
United States. Compared to the half-year performance of 


the previous year, total receipts were down by 77.8 percent 
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which can only be to some degree explained by weak uranium 
prices not to mention fixed contract prices. As the price 


oc the quantities must 


reached $US 24.25 in June of 1981 
have fallen off as well! 

Take also note of what has happened in the uranium 
trade with the United States. The value of shipment decreased 
by no less than 87.6 percent in this half year in Pareeecon 
with 1980, as $Can 132.858 million worth of uranium were sold 
to the United States in the first six months of 1980 while 
only $Can 16.509 million were exported to this important 
customer: 

However, the overall outlook is not too bad, for, in 
the meantime Canada, has found a new customer: the U.S.S.R.(!) 
to which $Can 3.182 million worth of radioactive ores and 
concentrates have been sold during the first half of this 


69 This marks a new leaf in the annals of Canadian 


year, 1981. 
trade which the classical-minded economist may welcome as 
a confirmation of the viability of the old (liberal) free 


trade doctrine, 


SECTION IV: URANIUM RESERVES AND ALTERNATIVE SUPPLIERS 
This section discusses at first the magnitude of 
uranium resources and subsequently their distribution among 
main reserve-holding countries. However, the main part of 
this section is devoted to an exposition of uranium invest- 
ments and output potentials of the chief producing countries. 
Observations made for other potential suppliers have been 
tucked away into footnote 152. 
There are three types of resources of uranium: secular 
resources, and long and short run reserves. 
1. The secular resources consist of speculative uranium 
deposits which await discovery plus long-rtn reserves. 
2. The long-run reserves comprise reasonably assured 
plus additional estimated reserves economically 
feasible for extraction at a price of up to $50/1b 
of U308, whereas 
3. The short run reserves refer only to reasonably 
assured reserves and feasible for exploitation up 


to a price of $30/lb, all expressed in U.S. dollars. 


Uranium Reserves and Resources 

During the infancy of the nuclear industry uranium was 
considered a very'scarce’ metal. However, over time the stock 
of mineral reserves and potential resources grew with the 


expansion of the industry itself. Exploring for uranium 
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became technically more sophisticated and, thus, more pro— 
ductive as larger and larger quantities of economic grades 
of ores were discovered beyond what had been thought possible 
at given prices. For instance, the quantities of ore 
reserves of the Western World at a price (cost) of $10/1b 
in 1970 had been estimated at 761.000 metric tons of U0, 
as brought out in Table A2 in the Appendix to this chapter. 
Three years later that reserve,at the same price, had risen 
to 961,800 metric tonsnee Ineo Ss Gandsan atpricerot SL 5V1Lb, 
1,080,000 metric tons were counted as reserves which were 
extended to 1,393,000 metric tons were the price (cost) to 


go “to $30/1b of U In 1977, the same bench-mark price 


328° 
of $30/1b would have provided for a reserve of 1,562,000 
metric tons while by 1979 the INFCE group, now introduced 
$80/kg of uranium (U) (or $36.28/l1b) and estimated the 
reserves as 1,855,000 metric tons which ought to be equi- 
valent to 2,188,900 metric tons of U,0.- 


additional estimated reserve of 1,480,000 metric tons of 


By then, a possible 


uranium (U) (or 1,746,400 metric tons of U308) at the same 
price would have had to be. included® fora stotal of. 3,335,000 
metric tons of uranium (U) (0 3935,300 metric ‘tons of Bon) 
Consequently, with the passage of time the quantities of 
available uranium and those to be expected as reserves have 
been on the rise! 


In June of 1978, the Nuclear Energy Agency (NEA) of 
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the OECD and the International Atomic Energy Agency (IAEA) 
through the special study group for the International 
Uranium Reserve Evaluation Project (IUREP) which had begun 
work in late 1976 presented its final report. Based on 
most recent geological information it gave a new insight 
into speculative mineral ore resources beyond the - 'rea- 
sonably assured' and ‘additional estimated' - reserves 
(Table A3). This was a global study comprising 185 
countries. It envisaged a uranium resource potential of 
between 9.9 and 22.1 million metric tons of uranium (or 
between 11.67 and 26.06 metric tons of U308) including also 
the speculative reserves of Eastern Europe, the U.S.S.R. 
and the People's Republic of China. 

One year later NEA/IAEA published a new survey of 
estimated normal reserves which added 1.85 million metric 
tons (U) of ‘reasonably assured' and 1.49 million metric 
tons (U) of ‘additional estimated' reserves at a price of 
about $36/lb (U) to the total; at a price of about $60/l1b 
(U) the ‘reasonably assured' and ‘additional estimated' 
reserves totalled 2.586 and om44° Million metric tons res- 
pectively (or 3.051 and 2.886 million metric tons of 
U0, at about $50/1b (U0) as set out in Table 5. These 
reserve totals would have to be added to the speculative 
mineral ore resources. 


Therefore, global uranium resources were calculated 
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to lie between 14.9 and 27.1 million metric tons of uranium 
(or between 17.58 and 31.98 million metric tons of U30,)- 
For the Western World, the respective magnitudes ranged 
between 11.6 and 21.8 million metric tons of uranium (U) 
or between 13.69 and 25.72 million metric tons of U30¢- 
They should be considered the speculative secular reserves. 

In the long-run sense, total reserves of the Western 
World should include all potential ores which would be 
commercially feasible for extraction at a price of about 
$60/lb of uranium (U) or of about $50/1b U30¢- They amount 
to 4.032 and 5.9378 million metric tons in terms of uranium 
or uranium oxide (yellow cake (U30,) ) respectively (Table 5). 
In turn, the short-run reserves are those reasonably assured 
at the price of about $36/lb of (U) or of about $30/1b of 
U30.- They amount to 1.855 and 2.1889 million metric tons 
of uranium or its oxide respectively (Table 5, left most 
column). 

The following breakdown summarizes the uranium resource 
picture in million metric tons: 
Resources: Million of Metric Tons 
Secular Global 14,9+27.1 17.58-31.98 —RAR+EAR+SP > 

Western World. 116-214 Sand 3..00—25 4) 2 RAR+EAR+SP 


Long-Run Western World 

at $60/1b(U) Se Oe 

at $50/1b (U30,) S4937,8 RAR+EAR 
Short-Run Western World 

at $36/1b(U) 1.86 

at $30/1b(U30,) 2.1889 RAR 


ey 


Distribution of Main Reserve Holding Countries 


Since the interest dwells mainly on both short-run and 
long-run reserves they will be dealt with explicitly while 
size and distribution of the speculative resources has been 
reserved in summary fashion for Table A3 of the Appendix to 
this chapter. However, it should be taken ahead of the dis- 
cussion that the international research study group allocated 
a speculative potential of 1.0 million metric tons of uranium 
(1 Is million metric’ ‘tons--of U30,) to Canada which, according 
to Green and Williams, corresponds to values ascertained by 
EMR’ 4 in ‘the*’range of 7. 0) -)oel2 tom bs &ie.42 mid kion metric 
tons of uranium and its oxide respectively. 

The various short and long run reserves of the main 
reserve countries and their percentage distributions have 
been set out in Table 5. Accordingly, the United States is 
the most important uranium storehouse in the Western World 
accounting “for .532,000) metric™tons® (U) (or 7627 ,000 metric 
tons of U308) in the short run or for 28.6 percent of the 
total distribution. The second most important country is 
Australia holding 290,000 metric tons of uranium - 342,200 
metric tons of U30¢ *‘or ESse@3 "percent of thectotalysiSovth 
Africa is in third place with 247,000 - or 291,460 metric 
tons of uranium and uranium oxide respectively for 13.3 per- 
cent of all reserves. Were Namibia's 117,000 metric tons of 


uranium - 138,000 metric tons of U30. - be included South 
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Africa could account for 19.6 percent of the world reserve 
total, putting this country into second place instead of 
Australia: Canada is the fourth largest holder of uranium 
reserves with 215,000 metric tons of uranium - or 253,700 
metric tons of U308 - which is equivalent to 11.6 percent 
of! thes total.p. Niger) (8.63%), Brazil,.(4.03%),. France. (2.2%), 
and Gabon (2.0%) follow in rank of importance as uranium 
reserve holders. It is also clear that this picture would 
change very much in Canada's favour were additional estimated 
reserves at the price of $36/lb (U) or $30/1b (U0) be 
included. In this sense Canada (column 4) possesses 585,000 
metric tons of uranium - or 686,760 metric tons of U30, - 
and would place second behind the United States with its 
ins fdld-donvand: 1.5;million metric. tons of uranium and ura- 
nium oxides respectively. Indications are that the rate of 
uranium discoveries has been excellent in recent years such 
that the given short-run figure of 215,000 metric tons is 
on the conservative side./° 
As to the long-run reserves, Canada would most likely 
benefit greatly from a world-wide expansion of uranium con- 
sumption. Here, overall reserves of 5.0 million metric 
tons give Canada a total of 963,000 metric tons of uranium 
or ol. L36¢mil Lion metricatonsso£ U30.,- This is 19.14 per- 
cent of the total of the Western World's uranium deposits 


making Canada unquestionably into the second most important 


supplier of uranium in the long-run after the United States 
with 1.87 million» metric? tonst(U)tor2s 2iimtliionsmetric 
tons of U,0, or 37.09(:) of that total. In short, the United 
States and Canada would be expected to have command over 
56.22 percent of the total reserves of the Western World: 
Tn this’ long-run’ context'South Africa’ ts"third in’ Line'+(10753 
3)followed by Australia(7%) Niger (4.23%), and Namibia (3.69%). 
Were Namibia to be counted as part of South Africa that sub- 
total would amount to 14.22 percent leaving Canada the un- 
contested second position. South Africa-cum-Namibia, how- 
ever, would have changed ranks by moving into third place. 
Surprisingly, Sweden is high on the list of long-run com- 
petitors as a result of its extensive Ranstad shale deposits. 
However, it is argued that they "may never be exploited on 
a Significant scale for environmental reasons." /® 
Therefore, Canada is the world's second largest holder 
of uranium long-run reserves. This means that Canada will 
have at its disposal a much greater supply of uranium than 
other countries and it alone could provide almost 20 per- 


cent of the uranium needs in the Western World. 


Alternative suppliers and “Investment Activitres 


In this subsection investment activities in the main 
uranium producing countries will be explored. However, this 


approach differs from that of other metals under study in 


that, as an exception, Canadian developments will also be 
dealt with because they are massive by any standard of 
comparison and because they tie in closely with the various 
firms in the international network of uranium producers: 
The countries to be examined are: 


Australia 
Canada 
Namibia 

South Africa 
Gabon 

Niger 

United States 
and others. 


Australia 
Uranium sProduction 1956: 272 metric tons 
oy or 707 MEeCLric cons 
(1980) 2 «2 (840..metricetons 


Numerous and substantial uranium investment activities 
are taking place in Australia. Even Canadian interests are 
involved as, for instance, in the uranium deposit of Koon- 
garra in the Northern Territories. This property was pur- 
chased by Denison Mines from the Noranda Group. The inten- 
tions are to open it up at a cost of $A80 million to produce 
DLs semetrre tons Of U30. annually. 

Another project is contemplated by Pancontinental 
Mining Limited (65%) and Getty Oil Developments (35%). This 


joint venture wants to invest $200 million in Jabiluka in 


the Northern Territories in the form of an underground mine 
plusi, possibly, anconcentrator ss/According),to,.more,recent 
information the target output has been revised to 4,500 
metric tons of U30, from 3,000 metric tons with gold as a 
by-product. The project, hopefully, will be completed 

by 1985./° 

The third of the major uranium development projects 
is being undertaken by the Ranger Consortium. It is investing 
$250 million to create kancoutputacapacnty.of »2,550.:metric 
tons annually which should be in operation in October 1981. 
Eventually, that capacity will be increased to 5,000 metric 
tons of uranium once market conditions permit.’ ’ 

Also, the uranium potential) of)the Western Mining “Cor- 
poration should not go unmentioned. This corporation has 
committed $365 million to build an open-pit mine and a con- 
centrator plant at Yeelirrie, in Western Australia. Expected 
productionicapacity iisie27500 mictyuaptons of U308 and the 
facilities should be in operation by 1984/1985. /8 

To be included in the tabulation should be the quan- 
tities to be supplied by a planned joint uranium mining 
venture at Beverly in Southern Australia. It will be under- 
taken by Western Uranium and the Transoil Corporation with 
a capacity to produce 1,500 metric tons of uranium concen- 


trates. 


More recently, it was reported that Delhi International 


(53.5%) and Vam Limited (46.5%) are investing $52.2 million 


to exploit the Lake Way Deposit containing 4,000 metric 


tons of U30.- Annual output would run at about 500 metric 
tons which speaks for a low life expectancy of only eight 
79 


years for this mine. 

Minatome Australia, a French company,is expected to 
produce 400 metric tons of U30, (and, 200. metric ‘tons vor 
molybenum) annually by 1985 from its Ben Lomond uranium 
deposit. This orebody is located about 30 miles west of 
Townsville in Queensland. Estimates have it that the ore- 
body contains also 4,000 metric tons of U308- 

There is also the Honeymoon deposit where the Mine 
Administration Proprietary Limited, a subsidiary of CSR, 
intends to have a mine on stream in the fall of 1981. Its 
expected output will be 110 metric tons of U30. which even- 
tually will rise to 450 metric tons annually. It is located 
45 miles nOEenWeSe of the famous Broken Hill mining camp. °? 

Besides these outstanding uranium investment projects, 
two aspects, not directly connected to the mining of uranium 
ore, help enhance the marketability of Australia's uranium: 
one of these concerns the possible construction of a UF 
enrichment plant. Presently, a feasibility study of $570,000 
for a modern gaseous centrifuge is under way. In this con- 
nection the South Australian Uranium Enrichment Committee 


has concluded a ‘commercial confidentiality' agreement with 


Ureno-Centec, a British-Dutch-West German consortium,to build 
such a plant at Port Pirie. Annual output would run at 250 
metric tons of UF. using 1,500 metric tons of U30,- These 
plans are going ahead even if strong labour groups in Austra- 
lia are vehemently opposed to a uranium industry. °°? 

The second aspect centers on the problem of safeguard 
guarantees to prevent proliferation of uranium substances 
most notably that of plutonium which could be used for 'non- 
peaceful' purposes. The Australia government has decided on 
a policy imposing less stringent conditions on the reprocessing 
of spent uranium for its customer countries than Canada and 
the United States. This move which provides for advance con- 
sent of a bi-lateral, case-by-case, agreement was immediately 
welcomed by France. Such agreements, it was quoted,were con- 
sidered as contributing towards the successful exploration of 
a number of new mining projects including Jabiluko and Koon- 
garra. 

Two such agreements were concluded. One with the 
United Kingdom (1979) and the other with France in early 


1981. °4 


However, they were superceded by a summary agree- 
ment between Australia on the one side and Euratom, the 
nuclear arm of the ten members of the European Economic 
community, on the other. Sweden is also well on the way 


to follow the direction of the members of EEC. So far, 


Sweden has contracted to buy 2,858 metric tons of U30, 
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from Australia between 1982 and 1996. 
In this fashion Australia has taken steps to assure a 
market especially in Europe for its ever-increasing uranium 


Supplies. 


Canada Uranium Production 1956: 2,068 metric tons 
1959: 14,414 metric tons 
1979: 8,136 metric tons 


Although the Province of Ontario had been considered 
the main source of uranium through the Elliot Lake, Agnew 
Lake and the Bancroft operations, interest has now shifted 
back to developments in the Province of Saskatchewan. At 
Cluff Lake Saskatchewan, the Amok Corporation had plans to 
have a uranium mine in operation by 1981. The scheduled 
investment was $130 million with an initial output of 1,180 
metric tons. Eventually, it could be raised to 1,800 metric 
tons; but, at present,indications are that even this new mine 
will have to work below basic capacity.°> 

The second of the important uranium projects under 
development in See eeeneaen is at Key Lake and it should be 
in operation in 1983. The cost will be $450 million and the 
expected output ranges between roughly 3,600 and 5,400 metric 
tons of U309- Formed in 1979 the Key Lake Mining Corpora- 
tion is owned by the Saskatchewan Mining Development Corpora- 


tion (SMDC, 50%). Uranerz Exploration and Mining (33.3%) 


and Eldorado Nuclear's Eldor Resources (16.78) 28, Unfortu- 
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nately, this development was suspended pending the results 
of an inquiry by the Province.” 

Another significant addition to Canada's uranium capa- 
city could come from ore discovered at Midwest Lake 16 
miles west of Rabbit Lake. It is held by Esso Minerals of 
Canada and managed by Canada Wide Mines, a wholly owned 
subsidiary of Esso Resources Canada. A high-grade ore 
deposit is involved which could produce about 2,000 metric 
tons of U308 annually depending on early government approval 
and on market conditions. Construction had been planned to 
start in, 19SL:, 

Additional sources of uranium could be tapped were 
Gulf Minerals to start mining its Collins Bay 'B' deposit 
about 7 miles»north of Rabbit Lake. 

In the Province of Ontario, Denison Mines expects its 
capacity to more than double from 2.6 million tons of ore 
hauled to 5 million tons. This expansion program will be 
completed by 1985 adding roughly 2,000 metric tons of U30, 
to, itssexisting capacity...» The cost, willbe. $250 ‘million. 

Rio Algom, the equally important neighbour of Denison 
Mines in Elliot Lake, has definite plans to come into effect 
by the year 1984. It intends to up-date the old Stanleigh 
Mine of Preston Mines chiefly through. financing by Ontario 
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Hydro. : The hope is to increase output by 907 metric tons 


annually atsa costwort $200tmillion. “Finally satushnould 
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also be mentioned that Preston Mines which controlled the 
Stanleigh Mine, and Rio Algom officially have amalgamated 
as of January 30, 1980.2? 

From the negative point of view, Brinco's Brinex will 
not go ahead with the exploitation of its Kitts-Michelin 
project in eastern Labrador at the other end of the country, 
at least for the time being. This is mainly due to a poor 
uranium market, but also because the provincial government 
has withheld the developing license pending a satisfactory 
solution by the company of radioactive waste problems. 7° 

In summary, investments actually under way and those 
in the planning stage and/or subject to government approval 
amount to a potential addition to Canada's uranium mining 
output of at least between 9,700 and 12,300 metric tons at 
an expenditure of over $1.4 billion. On the base of this 
information Canada's annual production volume could approxi- 
Mate very quickly a potential of about 17,880 to 20,400 


metric tons of ugogys* 


Namibia 
Uranium Production 1977: 2,758 metric tons 
19793.4,.354 metric. tons 
Namibia's uranium(Table 3) comes from the world's largest 
Oopen-pit uranium mine of the Réssing Mining Company owned 


46.5%, DY, RIO. TINE zinc. ?* Unquestionably, any further 


development of Namibia's uranium mining industry is related 
to the uncertain political future of this former German 
colony. At least five companies have interests in uranium 
mineralizations in Namibia but they are very reluctant to 
commit funds to the exploitation of these resources ina 
country pregnant with such a growing political risk problem: 
One of these companies is the General Mining Corpora- 
tion (Gencor) which has been evaluating the Langer Heinrich 
deposit to the south of the R&dssing deposits near Tinkes 
in the Namib Desert Park. This ore is of an even higher 
grade than that of the RUssing mine and could, if opened up, 
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328 per annum. 


Second, GFSA has a mining property at Karibab 
(Trekkopje' deposit) north-east of the Rdéssing mine camp. 
Here, too, a favourable political situation would positively 
influence the development of this mineralization. 

Third, north of this area, there are mining claims 
staked out by three companies. They are Anglovaal, Rand 
Mines and Falconbridge, companies with both liquidity and 
risk awareness and ready to wait for the solution of Namibia's 
political problems. 

Four, and likewise to the north of the Rdssing deposit, 
Tubas, a ‘local’ company, is reported to have encouraging 


results from bulk-sampling undertaken in France. However, 


development will be postponed especially since one of the 


partners in this joint venture, the Anglo-American Corporation, 
“does not wish to invest in a new mining development prior 
to independence". 7° The other partners are the General 
Mining Corporation, Minatome and Omitaramines, a subsidiary 
of Elf Aquitaine. 

In short, indications are that Namibias uranium pro- 
duction could be augmented dramatically. Yet, the political 


situation of this country will curtail the potential supply 


to the world market. 


South Africa Uranium Production 1956: 3,959 metric tons 
LOW Set Oul26 Metryc tons 

Average Ore Grade 1978: 0.171 of one percent 

1979: 0.168 of one percent 


Uranium falls under the South African Atomic Energy Act 
of 1967 for both South Africa and Namibia such that details 
on grade of the various deposits and on uranium exports 
remain secrets as the usual mysteriousness surrounds this 
nuclear fuel metal. Nonetheless, some basic information is 
available which is summarized in the following. 

Uranium ore comes from four different types of mining 
operations: 

L. Sas. CO~ 105, DY iproduct. rrom gold wining ; 

2. as a by-product from copper mining; 

3. as the main product and gold as a by-product, 


and 4. an, the future, as a co-product of coal production. 
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The bulk of the output originates in the category of 
‘co- and by- product of gold operations’. More than 91 per- 
cent of South Africa's uranium has its source in twelve 
major mines. They and their outputs for the year 1979 have 
been presented in Table 6. This Table includes also the 
Palabora mine, the only producer of uranium as a by-product 
of copper production, the second category. 

Two-thirds of South Africa's uranium are the results 
of normal extraction méthods."° The remaining third, how- 
ever, is derived from surface slimes and sand dumps - i.e. 
from tailings. Greatest interest evoked the Anglo-American 
Corporation when it formed ERGO (3) in 1977-with the pur- 
pose to extract uranium, gold and sulphur from 16 previously 
abandoned slime dams containing between 200 g/t to 500 g/t 
of uranium oxide and between 7.23 g/t and 15.48g/t of gold.?? 
At an annual out-put of 12 million tons this enterprise 
could , it was thought, deliver a minimum of 2,400 metric 
tons of uranium and 84 metric tons of gold besides 6.36 
Million» metricytonsmof sublorictactdm(i Je. 5 .52smillion 
metric tons in excess of companies’ needs). During the first 
eight months of operations ERGO produced 238.734 metric tons 
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of uranium and /5.27Jgmetricstons, oiegold? which is sub- 


stantially below expectations. Total capital costs had 
been $166.8 million.?° 


Another extraction project outside the conventional 


Metric) 7 Tons 
Mine (A) (B) 
Le BivvyOoruLe zi cnc DOS 7 Z1G63 
2 Buffelsfontein 620.4 663.9 
3 East Rand Gold and Uranium (ERGO) 23627 PS261 
4 Harmony 540.9 lek. 
5 Hartebeestfontein 394.2 383%. 3 
6 Joint Metal Schedule (JMS) 670.5 C7o. 
7 Palabora (Cu-U) (035 2) ‘Lap w2 
8 Randfontein 4:13). 0 406.9 
9 Stillfontein (2743.2) Zi Nae 
10 Vaal Reefs Lpeloee i igre es yo rs 
ll West Drieffontein 288.3 ZSQ0n7/, 
12 West Rand Consolidated 3 Oe) 401.0 
13 Western Deep Levels 199.0 194.6 
5,297.4 By UO. 
(5,681.8) 
Source: (A): ‘South Africa, M.A.R., 1980, p. 493, Table: Breakdown 
of South African Gold and Uranium Production (Major 
Mines) in 1979; 
(B): B.C.J. Lloyd, ‘Uranium’, M.AsR. 1980 p. 104; a difference 
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Table 6 


Uranium Production of South Africa 


(Mainly as a by-product of gold mining) 


By Major Mines and/or Groups for the Year 1979 


Of 7 eleeine tisd CeecOn Son U308 


provided by the two series when summed 
Mine basis and if the values in (B) 
as indicated by the bracket. 


added to (A) 


exists between the values 
on a mine by 
for #7 and #9 are 
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mining operations is the Joint Metallurgical Scheme (JMS) 
put into effect by the same large corporation: the Anglo- 
American Corporation. Here, again, residual slimes from 
gold processing are being utilized in the extraction of 
uranium and gold. In this case,however, uranium comes 
from current operations of the corporation's gold mines in 
the Welkom area of the Orange Free Beaeewe * Pi yoo 7 mao 
produced 676.262 metric tons of uranium and 1.95 metric 
tons of Boldt 

With the uranium output of the second category stated 
in Table 6 and referred to above for the Palabora mine, the 
third type of uranium production in South Africa may now 
be dealt with. It involves the only mine of its kind where 
uranium is the primary produce and gold the by-product. It 
was in July 1978 that the Union Corporation of South Africa 
disclosed its plans to begin the Beisa Mining project at 
Welkom, S.A. The ore in question had a reported grade of 
500g/t Of Uraniumsand? 7 7230q/t coLegold. 

This*mine’ should bevon stream in? i982 %atia cost of 
250 million ($240 million’ as tomb vee, August LoOSiy p.t 145) 
hiesone ar oF 

Besides, there are another two mines which occasionally 
are included in this category. They are West Rand Consoli- 


dated and Afrikander Lease. This inclusion is a consequence 


of the relatively high uranium grades of these two mines. 


The fourth category of uranium sources has been dis- 
covered only quite recently. In the Karoo area between 
the town of Beaufort West and Sutherland, exploration had 
been going on for several years involving mainly Esso Minerals, 
Johannesburg Consolidated Investment and Randfontein. 

Early reports spoke of widely disseminated, small and dis- 
continuous uranium occurrences which could only be mined 
collectively. However, in the Springbok north Transvaal 
flats extensive coal deposits have been found in associa- 
tion with uranium in or near coal seams. +°6 Uranium would 
be a co-product of mined coal if and when these reserves 
are being opened up. 

Several other investments to expand uranium production 
are in progress in South Africa. There is the pressure 
leaching plant for processing uranium. It is being under- 
taken by Vaals Reef Exploration at Klerksdorp, Afrikander 
Lease. It is to produce 385 metric tons of uranium oxide 


Lod 


at an original investment cost of $100 million. Ori- 


ginally scheduled to start production in 1981, the new start- 


Me with $180 million cost including 


up date is the year 1982 
the rehabilitation of this old mine. 

Harmony Gold has recently spent $36 million on a new 
uranium plant at Merrisspruit, while Randfontein which 


increased its output by 55% in 1980 is expanding operations 


in one area (the Cooke shaft to be ready in 1985) while its 


sister mine, Western Areas, is working on the Elsburg reefs. 
It is interesting to note that part of the development cost 


comes from interest free 'consumer' loans repayable through 
uranium deliveries in 1983. Note also that Randfontein 
sells mainly to the French atomic energy authorities.?°? 

Were one to include exploration expenditures, it 
should not come as a surprise that considerable sums are 
allocated for this purpose. Here, too, South Africa acts 
like all the other major uranium resource holding countries. 
A total of 26 companies spent about $25 million on uranium 
exploration in Weyshey eee 

As to the marketing aspect, it had become customary 
by 1979/80 that all uranium producers of South Africa except 
the Palabora Mining Company (Phalabowra) sold their uranium 
via NUFCOR, the Nuclear Fuels Corporation. This is a con- 
sortium consisting of the Anglo-American Corporation, Anglo- 
Transvaal Finance Corporation, General Mining and Finance 
Corporation and Union Corporation.t!1 However, it is the 
Chamber of Mines of South Africa which is in charge of 
actually marketing the products. 

Normally, all uranium was exported. This situation 
will change slightly as South Africa will bring its first 
nuclear power station, Koeberg, on stream. Had South 


Africa joined the nuclear anti-proliferation treaties, 


then, it could rely on the United States to supply the 


necessary enriched uranium fuel. But since South Africa is 

not a signatory to this international agreement, an embargo 

by the authorities in the United States has been placed on 

the exports of enriched uranium to South Africa. In this 

way South Africa was forced to develop its own enrichment 
facilities. The cost of this undertaking may be too high 

if South Africa is the only consumer of its enriched uranium. ?+4 
With this point in mind the reader could conclude that South 
Africa may become a supplier of enriched uranium to other 
countries in the world: 

In short, South Africa's uranium producers have committed 
over $450 million to the expansion of their operations, not 
counting annual exploration expenditures to raise output 
by about 1,000 metric tons annually. However, it should 
also be mentioned that the weakness of the uranium market 
as it developed in the early 1980s has forced South African 
uranium esate reconsider their development plans and to 
proceed with extreme caution. For instance, West Rand Conso- 
lidated as well as other firms have already asked for state 
assistance.+}3 Western Deep Levels is contemplating produc- 
tion cutbacks, while Harmony Gold will stockpile, at least, 
temporarily.+t4 It has also been reported that uranium 
bearing slimes will be stockpiled pending improvements of 


world markets. This means that production of uranium will 


be highly responsive in the future to improvements in uranium 


prices. This is especially true considering that uranium 
is not the main source of income of operations of most of 
these mines but serves the role of a cost-covering by-prod- 
uct in financing gold-mining operations. Weak uranium 
prices will not mean overall losses as could be for the 
‘pure’ uranium mines but merely a loss of otherwise "welcome 
contributions to cash fliggamed te 
A much greater flexibility marks the uranium industry 
of South Africa than is the case in most other countries 
because uranium mining is a possibility but not a ‘'must' 
in South Africa. This was demonstrated by the General Mining 
Union Cgrporation which has decided to terminate the produc-~ 
tion of U,0, altogether at West Rand .Consolidated (Table 6 


a6 
(12)) to emphasize only gold iecduietiicn ease 


Gabon 
Uranium Production 1963: 528 metric tons 
Icy gee 800 metric tons 
LOPS AE rrOooVmetric tons 
Gabon is the world's sixth largest uranium mining country 


working four deposits with a reserve of 31,750 metric tons 
of uranium. The ore grade of this reserve which is located 
close to Franceville ranges between 0.3 and 0.5 of one per- 
cent. It is therefore of a very high grade compared to the 
average grade of say South Africa whose ore were 0.171 (1978) 


and 0.168 (1979) ot one percent. 


Hindered by inadequate and bad road facilities 


Gabon's production of uranium was 1,100 metric tons of 
U30, in the year 1979 60 percent of which was exported to 
France. Its production capacity should increase to 1,500 
metric tons by the end of 1981. This means that the given 
reserves - which are the same for both long and short run 
periods (Table 5) - would sustain Gabon's contribution to the 
world market for about 20 to 25 years. By the year 2000, 
Gabon's supply capabilities would taper off unless, of course, 
new ore deposits are discovered in the meantime. 

COMUF or the Compagnie des Mines d'Uranium de France- 
ville is the sole producer of uranium working at full capa- 
Sieve ae However, two industrial groups, Speichin S.A. 
(Empian Schneider Group) and Tecminemet S.A. (Imetal Group) 
are engaged in the construction of a plant to process uranium.?+& 
As for further mining of uranium KECO, the government-con- 
trolled utility company of South Korea, and Cogema of France 
have jointed to exploit a deposit in the Lordleyon region. 
This is the most recent development of uranium mining in 


Gabon. +19 


In addition, exploration of uranium prospects 
continues and the government, in partnership with Cogema - 
PNC, has established significant uraniferous mineralizations 
in the N'Khan region. Further efforts by this exploration 
consortium will extend to Bakoué in the Soueh. -" 

In brief, the impression one obtains from the activi- 


ties in Gabon is that the uranium potential appears to be 
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more significant than has been conveyed by the estimates of 
Table 5. Consequently, 'speculative' reserves may already 
be under discovery such that Gabon's supply to world markets 
may exceed expectations and last probably longer than ini- 


tially -indicated. 


Niger 
Uranium Production 1971: 430 metric tons 
LO792 3S7e9l. metric tons 


Niger is one of the world's poorest countries sitting 
land-locked in the west of Africa. Still, it disposes of a 
much larger uranium reserve than Gabon (Table 5). In the 
year 1968, the first uranium mining company was formed under 


pee ich fol - 


the name of Société des Mines de 1'AYr (Somair) 
lowed the discovery of the Arlit deposit in the Agadez Basin 
in the Region of Arr by the Commissariate a l'Energie Atomi- 
que. 

This deposit is 20 to 25 meters thick with a grade of 
0.15 percent of uranium OxiGe. ~lCS initial annual, output 
Capacttveot, / 50 metricetons was.railseduto,.,500 metric tons 
in 1973; by 1982, it will have reached 2,300 metric tons 
annually. 

In August of 1978, the Akouta mine was put into opera- 
tion. +2 Discovered in 1966, it lies 12 miles from the 


first, the Arlit deposit and is exploited by Cominak, the 


Akouta Company. An underground mine is involved with a 0.4 
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percent uraniferous sandstone (magnesium uranite) relying 
on a reserve of 44,000 metric tons of contained uranium. 
At an annual output level of 2,200 metric tons it also pro- 
duces about 450 tons of molybdenum per year as a by-product. 

Niger's annual uranium capacity is expected to rise to 
5,800 metric tons of uranium oxide by the end of 1983 through 
the output of a third mine. Located also in the Arlit area, 
this deposit was discovered in 1969 containing an ore reser- 
ve of 20,000 metric tons of uranium resulting from an ore- 
grade of 0.35 of one percent uranium oridae 

A second prospect to raise Niger's output to between 
8,300 and 8,800 metric tons of uranium has been postponed 
for the time being pending improvement of world market condi- 
tions. Found in 1967, this orebody lies at Imourarem and 
has a reserve of 70,000 metric tons of uranium with a rela- 
tively low grade of 0.12 of one percent uranium. It would 
require an underground mine for its exploitation due to an 
overburden of about 100 metres.>*" Four years would be re- 
quired to have this mine operational. 

By 1985, Niger's output could rise by another 2,000 
metric tons of uranium to over 10,000 were the West Afasto 


mine to be opened byoygeee Containing 50,000 metric tons-of 


uranium??® an ore-grade of 0.4 of one percent-and also loca- 


ted in the Air region this project has attracted the part- 


Néership-of S27uti ities and» mining companies.+@/ 
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Three other mineralizations are under investigation. A 
consortium is studying an extension of the Madaouela deposit 
which was discovered as early as 1962/1964. It is close 
to the West Afasto orebody and runs under the name of Beetle" 
The second mineralization in this context south and close to 
the Imourarem area is under survey by an international consor- 


tdumie? 


while at the southern border with Nigeria another 
consortium of firms from the United States is exploring for 
uranium, with Onarem to become “an equal partner in a mine 
project "130 
The known uranium mining potential of Niger is great 
by any standard of comparison and will be larger as other 
projects will be phased in during the decades to come. Of 
special interest are:a) the widespread uranium occurrences 
inmeenismcentralepart (OL MNOrth AtrYica with exploration activi- 
ties taking place as far away in other countries as in the 
Ivory Coast, Algeria, and Nigeria in Niger's north and south 
respectively, wand potential occurrences in”Chad once politi- 
cal stability has returned to this troubled country; b) the 
point is that these countries are non-uranium consumers and, 
as such, will represent very strong competitors in the world 
markets possibly supplying Spain, France, Western Germany, 
the United Kingdom and Japan. Unquestionably, this competi- 


tion will make itself felt especially to the Canadian ura- 


nium industry. 


i Pee 


The United States 
Uranium Production 1956: 5,442 metric tons 
1960; 16,108 metric tons 
1967: ~8,278 > metric tons 
1975:  8,900.metric tons 
1979; 16,961 metric tons 


Structure in Review 

The number of U.S. uranium producers and their variability 
over time in response to changes in uranium markets is very 
impressive by any standard of comparison. In 1960, the pre- 
vious peak year of uranium output in the United States for the 
period under analysis, 965 producing mines were noted; they 
shrank in number to 263 in 1970 and by 1974, only 173 were 
Operating of which 123 were underground mines, 31 open-pit 
Mines and another 19 accounted for diverse uranium recovery 
Operations such as heap and in-situ leaching. Evidently, mar- 
ket pressure led to this reduction especially since the Atomic 
Energy Commission had curtailed its procurements. 1? 

The last of the two references described the market structure 
somewhat differently: wnen the weakness in the uranium con- 
sumption materialized, eventually, 400 mines were operated 
by 125 companies. But 150 mines were still worked byob 
small but independent producing companies accounting for less 
than 10 % of the total output. The remaining 90 percent were 
extracted by the other 250 mines owned by 15 companies which 


were, to a large degree, milling companies. 
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Understandably, some of the most important mining 
companies of the U.S.A. are also present in the uranium 
mining industry. They are, for instance, the Kerr-McGee 
Corporation, Anaconda, Utah International and Exxon Minerals, 
the most outstanding among the top twelve names in uranium 
mining.?>° 

From the mining side of uranium the view crosses over 
to the uranium milling companies and their facilities. By 
1975 standards, there were about 15 companies with top-names 
able ‘to mill! 26,500 metrvc cons Gomranium Ore dally, inclu- 
ding again, of course, the same names of the biggest ura- 
nium companies.-*" 

Proceeding to the processing and the production of 
uranium nuclear fuels another 20 companies were listed for 
the year 1974 with facilities distributed over 31 locations 
in the United States. Again, previously encountered names 
reappear on the list. Were one to go another step further, 
the manufacturers of reactors would come into focus marking 
the top of the vertical production structure from the urani- 
um mine to the production of the capital equipment containing 
nuclear fuel. Westinghouse Electric could be a case in 
point as it has stretched its operations from the mining 
of uranium by its Wyoming Minerals Corporation to the pro- 
duction of reactors. 


The point is that although the number of firms even 


gS 


in the processing of fuels is quite substantial, the basic 
industrial structure of the uranium industry is of an oligo- 
polistic variety with both features of vertical integration 
and a large fringe of competitive mining firms which account 
for all but ten percent of uranium mined. Yet, this small 
pompecieive frings may play a larger role in the uranium 
market since these companies are free to sell to foreign 
PucchaserSiwho tn Lurn p,p contract with orficial firms for 
uranium enrichment. A great flexibility in the industry is 
assured through the relatively larger number of participants 
than appears to be the case in other countries. 

This industry is able to expand quickly if demand 
requires expansion of production such that the total uranium 
output of the United States is bound to increase. Converse- 
ly, if conditions are unfavourable due to depressed markets 
the uranium mining industry is able to contract output 
quickly by shutdowns and cutbacks while investment mining 
projects are stopped whenever necessary even if only a step 
away from start-up of operations: 

Consequently, competitive influences still permeate 
the United epetee uranium industry to a larger degree than 
in other countries, especially because the mere fear of 
anti-trust action seems to keep them from doing otherwise. 
Just to give an example of the presence of a considerable 


number of mining companies in one of the major uranium 
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mining camps of the United States, and not that of one or 


two companies only. It was recently mentioned that in 


northwest New Mexico, the most important uranium area of 


the United States, 20 companies are involved in 70 existing 


and potential uranium mines with an ore reserve of 374,000 


135 


metric tons of contained uranium oxide. 


Investment Activities 


The U.S.A. uranium industry closed the year 1980 under 


the impression that about nine new uranium mining projects 


would be 


1% 


on stream between 1981 and 1984. 

Amoco Minerals had planned an open-pit mine - the 
Hansen project - in Colorado to produce 4,100 metric 
tons of ore daily; 

Conoco jointly with Wyoming Minerals had plans to 
start an underground mine at Crowpoint in New 

Mexico by 1982 to produce 1,300 metric tons of ore 
daily. This investment would have cost $240 million 
of which $35 million have been spent; 

The Cotter Corporation had intended to start the 
first open-pit mine in Paradox Valley in Colorado 

as the C-J-D-7 project to produce 1,000 metric tons 
of ore daily:%® 
Philips Uranium was reported to have begun initial 


mine construction work in Rose Neck, New Mexico. 


An underground mine was planned to produce 737,000 


al 


metric tons of ore annually; and 


5. The Tennessee Valley Authority had scheduled a mine 


in Morton Ranch Wyoming to extract 1,800 metric 


tons 


of ore daily by 1984. The United Nuclear Cor- 


poration was to manage the project. 


By now, 
pended due to 
projects have 
in progress. 
Mine in Texas 
metric tons. 


Pa od milton 


all five investment projects have been sus- 
weak market eonditions¢ te! However, some other 
not been hit by such bad news. They are still 
There is,for instance, Anaconda's Rhode Ranch 
with an expected annual ore output of 163,000 


It continues but the company had to place a 


performance bond for correct land reclamation 


on 300 acres of a 8,909 acre permit in McMullen County near 


Tilden.t2® 


Conoco has filed for a permit late in 1980 to start 


an open-pit mine by 1983 in the famous Pumpkin Butte Area 


of Wyoming to 


producei:2 700) metrics tonsofore (dai ly, The 


amount to be invested remains undisclosed,at least, at the 


source consulted. 


The biggest project of them all appears to be an under- 


ground mine of Gulf Mineral Resources, one of the giants 


in the field. 


$500 million are earmarked to deliver 3,800 


metric tons of ore daily in 1984. 


Homestake Mining's $6 million investment in LaSal, 


Utah, is comparatively small against the other projects. 
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It is to produce 400 metric tons of ore daily and should 
be on stream already in 1981. 

Furthermore, Union Energy and Mining in association 
with Power Resources is proceeding with the first in-situ 


neh In addition,two other ura- 


solution mine in Colorado. 
nium projects continue: one is being undertaken at Slick 
Rock in Colorado in a joint venture by Pioneer and Uravan. 
It is to be on stream in 1982 to treat 700 to 1000 metric 
tons of ore daily??9; the other is being constructed by 
Union Oil through Mineral Exploration Company in the Raw- 
lins area of Wyoming at a cost of $45 million.+41 
These are, no doubt, substantial development projects 
although their impact on future output will only become 
visible after the uranium market is out of its doldrums. 
This is so because the year 1981 is marked not only by 
suspensions of new mining projects but also by extensive 
cutbacks and shutdowns of existing uranium mining operations. 
For instance, United Nuclear Corporation closed down three 
small mines in the Ambrosia Lake area in New Mexico? ?*; 
sO were two open-pit mines of Kerr-McGee Nuclear in the 
South Powder River Basin of Wyoming. Poor Panne conditions 
also forced the closure of Wyoming Mineral's Irigaray in- 
situ solution mine near Buffalo, Wyoming, 143 while Home- 


stake Mining, after the long-awaited final approval by 


environmentalist groups has given up the idea to go ahead 
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with its pitch-uranium project in Colorado, at least for 
the time being.?44 

The Cotter Corporation has Laid Off 75 out of 200 
workers at its uranium-vanadium- plant in Canon City, Cola- 
rado reducing output by 58 percent. At the same time the 
Cotter Corporation has terminated all contracts with mine 
Operators which supplied uranium to Cotter; only its own 
Schartzwalder underground mine remains in operation.!*° 

Uravan is closing tour of its five small mines: on 
the Colorado Piacesuy° while Western Nuclear has abandoned 
though temporarily only, the Congo Mine development in 
Wyoming - it had been blocked by environmental considera- 
tions’ -—.in, Snort, so Lar inthe’ State oLr Wyoming. cU00 
uranium miners have been laid off since February tosoe 
This number includes the 244 men laid off by Western Nuclear 
which has cut production in 1981 down to 44.8 percent from 
1980 output levels. 

What more could express the uncertain nature of the 
uranium market as the reduced long-term capital outlays 


and the short-run cutbacks of this industry which in the 


United States seems to respond quickly to market pressures?! 


Other Countries 
Following the summary statistics of the Engineering 


and Mining Journal, January 1981, a number of uranium pro- 


“aL OOS = 


ducing countries of somewhat minor importance are involved 
in investment activities expanding their uranium capacities. 
Countries to be mentioned are: Argentina, France, Sweden, 


Yugoslavia, Mexico and India. 


Argentina 
In Argentina, Comision Nacional Energia Atomica (CNEA) 
will go ahead and invest $150 million to produce and mill 


700 metric tons of U,O, at Suerra Mendoza Province. Pro- 


gs) 
duction. will start in.1983 andiis tosbe.raised to 7,000 
metric tons of uranium oxide within 15 years.178 Argentina 


is known to have 50,000 metric tons of uranium reserves and 
presently produces more than reactor Atucha I uses and the 
Cordoba reactor will use when in operation. Argentina is 


exporting 240 tons of uranium oxide to Brazil annually a 


France 
In France, Cogema and APC are building a tailings re- 
treatment plant utilizing phosphoric acid from APC to pro- 


duce 100 metric tons of U0 annuallv cetartingain. 1O81. 


Sweden - 
In Sweden LKAB has proposed to construct an underground 
mine at Arjeplog to extract 300 metric tons of uranium per 


annum; a permit has to be obtained to start actual construction. 
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Yugoslavia 

Yugoslavia presently is engaged in two endeavours con- 
cerning uranium. One deals with a mine plant at Ljubljana 
where $40 million are being invested to secure an output of 
ZiesgMetric tons of U308 annually. The Fluor Corporation has 
the contract and this plant should be already in operation.» 
The second development project will cost $31 million for the 
recovery of uranium from phosphoric acid at Prahavo. The 


expected production volume will be 100 metric tons of U30¢ 


per annum. 


Mexico 

Mexico is expanding its exploration of uranium since 
it intends to raise its nuclear energy capacity from 1250 Mw 
in 1983 to 20,000 Mw by the year 2000. Insufficient uranium 
discoveries has led Uramex to survey 424,700 square miles 
of which 1.81 percent carry potential uranium mineralization. 
Estimates have it that 222 metric tons of U308 could be ex- 
tracted by 1982 and 544 by 1985 from an ore reserve of 15,000 
metric tons. Interestingly enough,Canada has a considerable 
stake in the second nuclear reactor to be built in Mexico 
in the future. Arguments are flying high because the first 
Mexican reactor, Laguna Verde, uses enriched uranium for 
fuel, while the second would just feed on natural uranium 


should Canada's CANDU reactor be adopted. Such an event 


aL n= 


has been interpreted already as a mixing of two different 
technologies leading to alleged inefficiencies. The strongest 
arguments originate from France with which Canada seems to 


be in competition over this issue.+>+ 


India 
Another country with very ambitious projects and inten- 
tions is India. Proposals for three mines and two mills 
have been made on top of a proposal of a mine and mill ex- 
pansion complex at the Jaduguda site. This mine has a capa- 
city to mill 1,000 metric tons of ore per day. Retreatment 
of tailings of the Hindustan Copper Corporation are also 
under consideration at Rakha and Mosabani, all in Bihar 
State after test runs have been carried out successfully. 
India has potential uranium reserves of 67,343 metric 


tons of U30g, a figure which could even be larger.+>? 


= 103 = 


SECTION V: THE FUTURE OF URANIUM PRICES, PRODUCTION AND CONSUMPTION 
Prices 


Historical Uranium Prices 


The general mysteriousness surrounding the world uranium 


scene holds true tor the exact price quotations for the metal 


as well because there is no open market. In addition, techni- 
cal circumstances peculiar to eae only such as forward pur- 
chase agreements with possible delivery dates contracted for 
three decades ahead of time produce an atmosphere of greater 
uncertainty for the price determination of uranium than is 
customary for all the other metals under study. Considering 
also that uranium operations have been and remain under the 
watchful eye of governments, especially,in the United States 
and that various governments entered into cartel arrangements 
only testify to the difficulties in determining a price with 
even a slight resemblance of a market price. This is so be- 
cause there is no market in the first place. Phone your broker 
Ey els kan se ahtan 

An apparent lack of willingness to divulge the magnitude 
of daily transactions at the various prices is reflected in 
the conflicting and confusing reports issued on the so-called 
time-price relationships. For .instance, .the, U.S «B.M.,ina 
specific series presents a part in terms of average purchase 
prices of the Atomic Energy Commission of the United States 


on a fiscal year basis, while the second part (1970-1974) lists 
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the estimated average private market price for purchases 
and delivery during the year. In another publication the 
same Bureau refers to prices quoted in the Engineering and 
Mining Journal. This type of stating of prices is very 
disconcerting for the economist especially as it is uncon- 
ceivable that in the so-called free market system the aver- 
age price ‘averaged out' at the same value of $8/1b U30, 
for the years 1964 to 1968 as shown in Table 7. This is 
the official average purchase price in that partial series. 

Consequently, a separate series had to be assembled 
which was based on a mixture of different price notations 
gleaned from official U.S. and Canadian price statistics 
with adjustments made for the annual average exchange ede 
at which the currencies between these two countries traded 
in the various years and for other basic cost differences 
of uranium prices in the two countries. The result was the 
complete price series in Table 7, (left column) with the 
quotations for the more recent years obtained as the annual 
average from the monthly quotations provided by the Engineer- 
ing and Mining Journal. 

Furthermore, nominal United States dollars were used 
as value scale instead of constant 1979 $US as has been the 
case so far in this study with all other metals. The reason 
is simply that the econometric analysis performed best when 


nominal dollars were entered as cost factors did not seem 
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Table 7 
Uranium Prices in Nominal $US per Pound of U30, 
For the Years 1948 to 1979 


Main Series U.SiB.Ms* 


ooo $US/1b $US/1b 
1948 Tote 

1949 8.53 

1950. 8.92 

1951 10.01 

1952 Tiers 

1953 12.30 

1954 12..25 12.27 
1955 12.5) 12.25 
1956 TIt63 ig 
1957 10.53 10.49 
1958 au 5g 9.45 
1959 9.25 9.12 
1960 8.99 Suggs 
1961 8.54 8.50 
1962 8.20 3.15 
1963 735 7.82 
1964 5.97 8.00 
1965 es 8.00 
1966 ae 8.00 
1967 jee 8.00 
1968 TI80 8.00 
1969 8.35 6.99 
1970 3a4d) 6.30 
1971 6.48 6.20 
1972 5.95 6520 
1973 6.41 6.50 
1974 ae 10.50 
1975 23.68 

1976 a6 t28 

1977 42.20 

1978 43.28 

1979 42.57 


*Source: see Woodmansee, loc. cit.,p. 1192, Table 10. 
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Exhibit 1 


Historical Prices (solid line) and Projected Prices (AER RKSR ASS) 
Of Uranium (U30g) in Nominal United States Dollars per Pound 
For the Years 1948 to 1979 and from 1980 to 2004 respectively 


L955 1960 


1965 1970 1975 1980 seek sys) 1990 1995 


2000 


2004 
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to have any comparable bearing on the explanation of economic 
relationships underlying uranium prices, consumption and pro- 
duction. This means that other factors cast a much bigger 
"spell' on uranium than the cost of producing the mineral: 
However, this explanation is not to be interpreted that costs 
are or will be unimportant to the industry but rather that 
those other factors reduce the statistical significance in 
general. However, it has also to be recognized that under 
conditions of weak markets cost will eventually exercise their 
rationing fuction by setting the lower limit below which out- 
put cannot be expected to be forthcoming. 

It is interesting to observe that the first height of 
uranium prices occurred in the period of 1954/55. From $7.14/ 
lb in 1948 uranium prices climbed to between $12.25/lb and 
$12.51/lb and it was with a clear lag of several years (Table 
2 and 4) that output rose dramatically in the Western World. 
This may be seen especially in the United States and in Canada 
with 1960 as the peak year of uranium production. By then, 
the price of uranium had been eroded as it fell below $9/1b 
standing at averages of $8.99/lb and $8.54/lb for the years 
1960 and 1961 respectively. 

Exhibit 1 penne ceed the price movement. While uranium 
prices were gently sliding to lower levels, the lag was shorter 
on the downside and output of the world, in the United States 


and in Canada decreased rather quickly during the period from 
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1961 to 1965. However prices and output remained stable 

at these low levels with the bottom noticeable for both 
series in the years 1971 and 1972. Note also that in these 
years uranium producers were unable to sell their products 
even at prices much below the annual quoted averages}??? 

It was observed that, for instance, Denison Mines lost a 
bid at $3.95/lb and late in 1971 some sales had actually 
been transacted, reportedly, below the ga/tpeneen. +>? 

By the middle of 1972 the now famous uranium cartel 
Had™“sprung winto"action? te fasted@untrl tearty 1975." Tnis 
period has been shown in Exhibit 1 by two dashed vertical 
lines. The effect of this coordinated market price mechanism 
saw a phenomenol rise above all previously recorded heights 
of ‘uranium ‘prices starting "in 1974 “and “lasting until 1978. 

A dotted vertical line in the graph delineates this period 
of time.as the explicitly set cartel period 1974 to 1978 
used in the econometric analysis during which repercussions 
of higher uranium prices were most severely felt 

Specifically, annual average prices for uranium were 
$11.45/lb in 1974 only to run away to a top annual average 
of $43.28/lb in 1978. The year 1979 signaled the beginning 
of the eventual reversal of this extraordinary price perfor- 
mance as the uranium producers of the world and, especially, 


of the United States responded to this price signal most 


likely mistaking it for a normal market indication of rising 
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demand which truly and temporarily had risen drastically 
under the scare-cry of imminent and long-lasting world-wide 
shortages of the metal. 
Future Prices 

The price projection of the econometric analysis is 
presently born out by reality. A dramatic decline in these 
prices is in the offing as shown in Table 8 and illustrated 
independently in Exhibit 2 and in continuation of historical 
prices in Exhibit 1 where it takes the form of little asterisks. 
At the time of writing, the average monthly price for August 


ao The overall projec- 


and September 1981 has been $23.50/I1b. 
tion, therefore, is for a substantial decline of (nominal) 
uranium prices through the 1980s with the bottom foreseen 

to occur in the early 1990s ($14.76/lb). By 1994 a new upward 
trend will begin resembling the market behaviour of pre-cartel 
times and reflecting the expanded uranium fuel consumption 
needs brought about by a larger number of reactors. By the 
year 2000 uranium is to cost slightly more than $16/1lb and 


four years later it could be close to $18/lb if one could see 


so far into the future. 


Future Uranium Production 
The future output of uranium in the non-communist world 
is presented in Table 8 and set out in Exhibit 3. According 


to the econometric forecast and subject to the repeatedly 
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Uranium Prices in Nominal US Dollars Per Pount of U308 


For the Years 1980 to 2004 


$US/1b $US/1b 
33.48 


29.74 


Ja erie de] 


agin ae 


18.504 


1980 1985 1990 1995 F000 2004-4: 76 
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Table 8 
Uranium Prices in Nominal United States Dollars per Pound 
And World Mine Production in Metric Tons 
For the Years 1980 to 2004 


Year $US/1b World 
Mine 
Production 
Metric Tons 

1980 33.48 56547 
1981 2 die Go 61697 
1982 23.86 62242 
1983 PE eg bbs 60299 
1984 19.28 57362 
1985 L789 Sa 22 
1986 16.88 51431 
1987 TOS Lo 48994 
1988 15 260 46995 
1989 155.22 45409 
1990 14.97 44193 
1991 Taos 43298 
1992 14.76 42680 
L993 i477 42297 
1994 14.84 421497 
1995 14597 42101 
1996 LS. LS 42255 
L997 L534 42530 
1998 Ldn 0 42920 
1999 ono 43412 
2000 L6G ES 43996 
2001 £655. 44662 
2002 16.88 45402 
2003 iY ay Jef 46211 


2004 17268 47083 


Exhibiues 
Western World Uranium Mining Output 


For the Years 1980 to 2004 


metric tons 
62,242 


58,216 


54,190 


50,163 


46,137 


42,111 
1980 1985 T9950 Ne Be Ms 2000 2004 
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stated reservations as to the validity of such long-range 
predictions, uranium (U30.) output will rise to 56,547 metric 
tons in 1980 from 44,977 metric tons actually recorded (and 
55,117 of true simulated Wales? |, By 1961 uramrum pro- 
duction will have reached a peak of 61,697 metric tons. For 
the following year, a deceleration is indicated by a relative-_ 
ly small annual increase of only 545 metric tons to 62,242 
metric tons. .In reality, this may turn out to be an actual 
decline occurring as early as 1982. 

Hence, annual uranium output will decline quickly at 
first, and by the year 1990 the level may have dropped by 
about 2,000 metric tons or 30 percent below peak performance 
levels. This means that during the 1980s and the early 1990s 
the uranium supply will remain depressed, and it will only 
be in 1996 that an increase in output should materialize. 

This implies a lag of about four years after the price of 
uranium reversed its downward trend in 1992. In the late 1990s 
output will be 42,920 metric tons (1998) and with the beginning 
of the 21st Centruy uranium production will again reach 44,000 
metric tons. At the end of the forecast period annual produc- 
tion is computed to be about 47,100 metric tons as output 
seems, then, to rise at an increasing rate. Beyond this date, 
if not already before, other factors will influence develop- 
ments in the nuclear industry. 


Cumulatively, the following totals were obtained: 
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Year Cumulative Extraction of U30. 
1985 352,419 
1990 589,441 
L995 803,044 
2000 LOLS oT 
2004 Loe, OLS 


By 1985 about 352,500 metric tons of uranium will have 
been taken from the ground. Five years later, the total 
would come close to 600,000 metric tons reaching over 800,000 
metric tons in 1995. The cumulative exploitation of uranium 
would stand at one muon metric tons in the year 2000 and 


at 1.2 million four years later. 


Future Uranium Consumption 


Since no satisfactory time series for the annual industrial 
consumption of uranium has been easily accessible no consump- 
tion forecast has been attempted in this study. Instead an 
outside prediction has been utilized to fill this gap: a NUEXCO 
time series,1°% Unfortunately, though quite understandably, 
only the period from 1980 to 1990 has been given for the pro- 
jection of consumption. Naturally, this period is much more 
important and more easily assessed than the years beyond that 
point in time because uncertainty clouds the future progressively. 

At the same time, the production forecast by NUEXCO has 


served the purpose of a comparison between the results of this 


study. Table 9 presents the respective values while Exhibit 4 
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Table 9 
Forecast of Annual World Consumption, Production and 
Capacity to Mine Uranium (U0,) 
For the Years 1980 to 1990 in Metric Tons 
(Western World Only) 


Mining 

Year Consumption Production Capacity 
(A). (B) (C) (D) 

1980 ds ienc ray 45,442 56,547 59,000 
1981 25.488 47,256 617697 
1982 28,934 BO oL2 62,242 
1963 34,104 50,929 607,299 
1984 35, 202 SL plo Se erepe lew, 
1965 30 70 ob, Vk 54), 27:2 109,400 
1986 41200 Seon aes 517431 
19387 44,535 SNe er 48,994 
1988 43,900 So ,2o7 46,995 
1989 44,354 53 A015 45,409 
1990 44,353 S272 44,193 140,900 
1995 145,100 
2000 1355000 
2005 1107900 


Source: (A) and (B): George White Jr. “Supply-Demand Imbalance 
leads to sharp Price Break and Interest Seller Competition", 
Engineering and Mining Journal, March 1981, p. 143, Table 5; 
(C) The econometric analysis for this study; and 
(D) R.E. Green and R.M. Williams, Nuclear, Energy - One Road 
to Séelt=sutriciency, Atomic Energy of Canada Wimited, April 
1980, 94th Annual Congress, Engineering Institute of Canada, 
Calgary, April 23-25 1980, p. 9 in ref. to sources: NEA/IAEA 
1979 December INFCE Working Group 1, 1980 January; figures 
for 1995 to 2005 from United States Department of Energy 
estimate ibid. 
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Exhibit 4 


Projected Consumption and Production of Uranium (U30g) 
In the Non-Communist World for the Years 1980 to 1990. 


Legend «# # # # # # # Consumption (A) 


4 8 © PRESEN YrOCOUCTLON. (8) 
* KK KK XK KH Production (C) 


metric tons 
‘000 


1980 L985 1990 


Source: 'Table 9. 
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demonstrates expected consumption and output behaviours GAtil 
the year 1990. 

In 1980 consumption of uranium fuel-that means the real 
burn-up-was 18,322 metric tons of uranium U,0.. The NUEXCO 
production figure for that year was reported at 45,442 metric 
tons while this study predicted a total output of 56,547 
metric tons. According to the statistics published by ABMS. 
Non-Ferrous Metal Data, 1980 the actual figure was closer to 
49,575 metric tons after some minor adjustment.-7* This means 
that actual estimated output was between the two figures of 
projected production (B) and (C). 

Future consumption of uranium will rise at a decreasing 
rate and flatten out at 44,353 metric tons by 1990, as illus- 
trated in Exhibit 4. 

The output projected by NUEXCO will have exceeded projec- 
ted annual consumption by 27,120 metric tons in 1980 meaning 
an addition to existing world inventories of 114,331 metric 
tons?®® at the end of 1979. The rate of annual inventory 
accumulation will decrease to 8,572 metric tons in 1990. 

The results of this study, column (C), will exceed ini- 
tially the projected value of projected consumption even more 
substantially than in series (B); but from 1986 on the rate 
of additions to stocks will be 10, 161 metric tons which is 


less than the 12,245 excess provided by the other production 


forecast(B). Reductions in output will become more severe 
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in the following years and,by 1990, this study envisages 
for the first time that the Western world would produce 
annually as much as it consumes. In the following years, 

a demand and supply balance could materialize on the basis 
of the underlying theory. Beyond 1990, it is quite con- 
ceivable that consumption will increase as well; but for 

a while the world uranium users can safely rely on substan- 


tial inventories. 


Maximum Mining Capacity 


The Nuclear Energy Agency and the International Atomic 
Energy Agency published a paper on the results obtained by 
the International Nuclear Fuel Cycle Evaluation Working Group 
(INFCE) with respect to the maximum production capacities of 
world uranium mines. While the summary findings have been 
placed into Table A4 - translated into U308 ~pehe standings of 
relevancy at this point have been included in Table 9. Accor- 
dingly, the world's mining capacity in 1980 had been estimated 
at a figure amounting to 59,100 metric tons. of Uranium U,09; 
by 1985, it will be 109,000 metric tons and by 1990 annual 
Output could be raised to 140,099 metric tons. Maximum annual 
output could be 145,100 metric tons in 1995 and 135,000 metric 
tons in 2000 while 110,900 metric tons could be extracted five 
years later, thus displaying a declining output trend provided, 


of course, that these possible maxima will have been reached. 
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With respect to the quantity of uranium consumed it 
is clear that the annual maximum capacity to produce uranium 
remains three times larger than the basic amounts required 
for consumption as fuels. Consequently, output in the 1980s 
will be closer to those capacity limits than later in the 
forecast period, but as the uranium mining industry is 
forced already now to gear down its operations well below 
its physical capabilities excesses of possible maximum pro- 
duction over actual output will be saved for future uses. 
This means that the underutilization (below maximum) pre- 
dicted by this study - and to some degree by the NUEXCO 
forecast - will stretch the available uranium resources 
further into the future and the time horizon of a preditable 
shortfall of uranium supplies from reasonably assured 
resources - in the short-run sense of reserves - will be 
advanced farther away into the 2lst Century. If one were 
to accept uncritically the predictions of this analysis for 
the end of this century capacity utilization of uranium 
resources would drop to roughly one third of what has been 


indicated by INFCE, 


OT 
SUMMARY AND CONCLUSIONS 


The discovery of a specific physical particle, the neu- 
tron, ushered in the atomic era when men finally succeeded 
in splitting atoms. The way of this technological change 
of unprecedented proportions led from the explosion of atomic 
bombs to the peaceful harnessing of atomic power by generating 
electricity. 

There are three fissile substances: uranium 233, 
uraniume2sSxand plutonium’ 2397 -but-only U~ 235 occurs 'freely' 
in natural suranium7;U0233%and Pu 239 have to be created through 
neutron bombardments of Th 232 and U 238 respectively. 

There are two types of nuclear reactors: the conventional, 
Once-through, Converter reactors which utilize the only 
existing U 235 in natural uranium, and disregard the recycling 
of potential fissile by-products. These conventional reactors 
use mainly light or heavy water as moderators and are labelled 
accordingly light or heavy water reactors. Canada has engin- 
eered the CANDU reactor which is unique in the world working 
with heavy water. The majority of reactors in the United 
States are light water reactors. 

Besides conventional reactors, advanced technology has 
opened the doors for a whole family of advanced fuel cycle 
reactors generally called 'breeders'. Their purpose is not 


only to generate electricity but also to create new fissile 
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material during the burn-up. In this fashion the fuel 
available for reactors will be doubled as twice as much 
new fuel is produced than was consumed. 

Breeder reactors are already in operation in the most 
important industrial countries, above all in the United 
States, the Soviet Union, the United Kingdom and France. 
Most of these have opted for the fast uranium-plutonium 
breeder although the slow thorium-uranium process has been 
put on stream in a few reactors in the United States. Since 
Canada has not officially decided to embark upon the appli- 
cation of breeder technology and since it will take about 
20 years from design to commercial operations, this country 
cannot be expected to benefit from advanced fuel cycle tech- 
nology before the turn of this century. In the meantime, 
Canada will use up its natural uranium foregoing both the 
recycling of the waste products and the more efficient fuel 
consumption of the thorium reactor. 

In light of geological probabilities the occurrence 
of thorium in the world is at least three times greater 
than that of natural uranium. Thus uranium and thorium 
breeders would contribute to extending the life-expectancy 
of the world's nuclear fuel resources indefinitely into 
the future while simultaneously delivering more and cheaper 
electricity. 


Uranium provides services in three general ways: in 
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reactors, in weapons and in other uses. In order to establish 
a consumption picture for the world and its countries, it 
would be necessary to know exactly the quantities used by 

at least the first two types of applications. 

Since no country engaged in such 'defense' activities 
will divulge the size of its military stockpiles nor annual 
additions thereto, a big blank exists in this area of con- 
sumption measurement. In addition,a number of other unas- 
certainable aspects related to the determination of inven- 
tories and to the lead time required for the processing of 
fuels cloud a precise assessment of consumption of uranium 
in the world. The ‘other uses' appear too small to signi- 
ficantly affect the overall picture especially since one 
of these ‘other uses' concerned purified, spent uranium. 

It absorbs but one tenth of burnt-up uranium and is much 
too small to influence the demand of uranium at all. It is 
just a by-product. Consequently, only a vague relationship 
exists between uranium consumption and the demand for mined 
uranium. 

As no other metal, uranium has undergone a twenty- 
year world productive cycle displaying an extraordinary 
vulnerability to changes in the ‘uranium market'. It is 
only in recent years that uranium has caught up with out- 
put levels achieved in the late 1950s. At that time, mili- 


tary absorption was the main reason for production while 
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demand for reactor fuel was still in its infancy. After 
military requirements had been met the industry had to per- 
form at substantially reduced levels. This lasted until 
fuel needs of uranium reactors were large enough to support 
larger and continuously rising output volumes. 

Canada's uranium industry displayed an even greater 
vulnerability as 5-year averages fell by 32 percent over 
the entire period while world output had but marginally 
declined. In the year 1957 the Province of Ontario had 
become an outstanding producer of uranium in the world but 
its relative importance shrank from 30 percent at the begin- 
ning of the period to about eleven percent by the end of 
the 1970s. 

The United States as the world's largest uranium 
Mining country reduced its output at a much slower rate than 
other countries;tnus, Canada carried the biggest burden of them 
ails, Nonetheless, Canada was still the)second’largest.ura- 
nium. mining country in, 1979 followed by South Africa, 
Namibia, Niger, France and Gabon with Australia making 
strong inroads to displace Gabon from seventh position. 

At first Canada exported most of its uranium to the 
United States and later started to sell the metal to the 
United Kingdom which was to become our most reliable custo- 
mer. Eventually, the United States cut back on the imports 


of uranium from Canada and slowly but surely Canadian ura- 
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nium exports receipts dwindled away from a high of $Can 311 
Million’in L959" tomsCan =. fay = mae On earl aloe ee 

The interesting observation was made that,at one time, 
the United States raised its domestic uranium output while 
Canada's 'taxpayers' paid the price as the Canadian govern- 
ment commenced stockpiling operations to keep this important 
industry alive. 

By 1972 an international marketing arrangement by 
private firms in partial cooperation with governments - 
called the cartel - tried to stabilize and improve uranium 
prices. The United States had been explicitly excluded 
from this arrangement although some U.S. firms fell under 
suspicion of being in violation of anti-trust laws. A 
variety law and treble damage suits followed which have not 
all been solved yet! 

After 1972 values of Canadian uranium exports rose to 
a somewhat higher level but it was only in 1978/1979 that 
a new peak was reached. By the middle of 1981 uranium 
receipts had virtually collapsed except that the U.S.S.R. 
was added on to the list of Canadian uranium customers. 

The short and ene run reserves of uranium in the 
wortd™=are™2.19 mitiion* and 5S ]9S"miltion metric’ tons of 
U30, respectively while the secular total resources for 
the Western World lie in the range between 13.7 and 25.7 


Mi PYPion metric cons. 
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The United States is the greatest holder of reserves 
in both the short,and., long, run..brom they short-runy point 
of view the rank of the main reserve holder are b: Austra- 
lia, South Africa, Canada, Niger, Namibia, Brazil, France; 
in the long run sense, Canada places second and the combined 
reserves of Canada and the United States amount to over 56% 
of the total of the Western World. 

In the area of investment and potential uranium develop- 
ments it can fairly be said that Australia is aggressively 
adding a maximum potential of 15,900 metric tons annually 
to Lets capacity to. mine U308- This would bring output levels 
up to. about 17,00, metnuic tons. . At, thewsamestime, its meserves 
would face depletion in about 25 years. 

Canada may increase its annual capacity by between 9,700 
and 12,300 metric tons to a total of between roughly 17,00 
and 20,000 metric tons. Operating at such a capacity would 
lead to a relatively swift exhaustion of the short-run re- 
serves in this country. However, Canada can bank on its huge 
long-run reserves. 

Namibia has additional high-grade reserves and could 
expand production beyond what has been recorded in Table A4 
provided there would be an end to the political crisis. 

South Africa is the most flexible of all uranium pro- 
ducing countries. Since the gold reserves are expected to 


last at least 50 years South Africa will be able to produce 


e 
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uranium as a by-product over that time span. Moreover, 

other supplies will come from copper and coal where uranium 
is a co-product. During periods of weak markets South Africa 
can cut back drastically only to gear up quickly upon bright 
Market news. 

Gabon will be able to raise its capacity only slightly 
and its resources are so small that substantial output of 
uranium cannot last much beyond the beginning of the 2lst 
century given maximum utilization of ore reserves. 

With numerous significant uranium deposits held by 
important interest groups, Niger could raise its uranium 
mining output to well above 10,000 metric tons annually by 
the middle of the 1980s. It stands to reason that such a 
vast country may have even vaster reserves than anticipated. 
Thetpossipbivity for uranium, to occur in countries ©f-North 
and Central Africa cannot be discarded as several of them 
are keen to join the uranium producing countries. Truly, 
most of them may not be immediate consumers of uranium in 
the next 25 years but they will obviously be strongly com- 
peting in the export market. 

The United States is both the largest consumer and 
the largest producer of uranium, the latter thanks to its 
immense uranium reserves. Its uranium mining industry 
is very responsive to changes in uranium market 


conditions adjusting quickly to the short-run utilization of 
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its capacity by stopping current operations and by almost 
instanteously rearranging investment schedules and capital 
projects, Its natastees is characterized by an oligopolistic 
market structure with features of vertical integration as 
well as a substantial fringe of a large number of independent 
uranium mines. 

Other important countries including those mentioned 
in footnote 152 are eagerly trying to open -up their peated 
deposits with the view to either exporting the fuel mineral 
or to consume uranium domestically. The effects of these 
endeavours will certainly be carried over into the next 
century and should be felt by other competitors. 

In the 'so called' uranium market there are uranium 
Suppliers and consuming utilities negotiating contracts 
with delivery dates reaching up to 45 years into the future. 
These transactions are taking place under the watchful eye 
of governmental authorities to assure that rules of secrecy, 
security, and safeguards are readily complied with. Thus 
prices are not determined in an open uranium commodity market 
but in an exclusive and institutionalized trading area shutting 
out risk-seaking traders and speculators. 

Therefore, uranium values may reflect imperfect market 
conditions. Prices rose to the middle of the 1950s only to 
decline slowly and steadily until the year 1972. Hence, 


they started to climb and a dramatic jump took place in 
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1978; afterwards they levelled off. Depressed prices are 
forecast until 1994 when slow improvements are foreseen by 
the econometric analysis, always provided one is willing 
to accept a prediction over such a long period of time. 

After a brief rise world output of uranium will face 
an initially severe decline followed by a lengthy period 
of significantly reduced but stable production levels. A 
rising trend is projected to start only in the middle of 
the 1990s. Between 1980 and 2000 (2004) one million metric 
tons (1.2 million for the year 2004) will have been cumula- 
tively mined. When predicted outputs during the decade 
of the 1980s are compared to consumption predicted by NUEXCO 
world inventories will rise until 1990 when a theoretical 
balance may be achieved between the quantities consumed 
by utilities and those supplied by the mines. 

As capacities to exploit uranium deposits seem to 
be utilized to about one third, at worst, of what could be 
the maximum possible, the horizon of eventual 'depletion' 
wiil be pushed further into the future. 

The following conclusion may therefore be drawn for 
the Canadian uranium scene. 

In the short-run, the uranium producing companies 
with forward contracts will continue production while new 
ventures will be forced to operate much below planned capa- 


city unless they are able to benefit from higher sales than 
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expected due to sales to foreign countries as a result of 

the favourable foreign ownership connections. They might 

be able to deliver uranium to consumers in France, the United 
Kingdom, Germany and Japan, to name a few. 

In the 1990s the Canadian uranium producers may finally 
reap the benefits from investments undertaken in the early 
1980s. Subsequent improvements in world market conditions 
will readily be filled by uaeered underutilized capacity. 

It does not seem plausible to contemplate expansion of 
uranium mining in this country now as other countries are 
seriously working towards a reduction of present and future 
dependencies on imported uranium from osnes Countries ge ein 
the same sense, ores of poorer grade will have to wait until 
the high-grade ores in Western Canada have been exhausted. 

At the turn of the century one million metric tons 
of the short-run uranium supply of the world will have been mined 
out, which is less than half the presently available reserves. 
If annual production were for some unexplicable reason twice 
as high such that this production forecast would have meant 
an under prediction of 50 percent, the world would then 
start to run out of short-run supplies. Only under these 
conditions would a rise of uranium above $30/1b U30. be 
justified in order to bring additional resources to the 
‘market'. However, if one accepts the forecast of this 


analysis, then there is no reason other than ‘market imper- 
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fections'-mildly speaking-for prices to behave differently. 

It can also be concluded that the price jump of the 
late 1970s may have done great harm to hopeful investors 
who were misguided by a faise price signal.At the same time 
unusual uranium discoveries were made providing greater 
certainty for future availability for a metal that was sup- 
posed to be near depletion. Consequently, users need not 
stockpile as much as before the price rise because future 
supplies are both larger and more certain than ever before. 
These are additional reasons why uranium prices will not 
rise above predicted levels excpet for standard increases 
in the cost of recovery. 

In order to meet consumption requirements in the long 
run, new deposits could be opened up at the beginning of 
the 21st centruy, but obviously now: before>” It is”in this 
long-run setting that Canada will eventually reap substan- 
tial benefits because the other short-run main suppliers 
of the world will have depleted their most valuable cheap 
resources. Canada will be one of the world's strongest 
uranium producers meeting rising domestic and external 
uranium consumption needs. 

However, this optimistic outlook both in the long- 
run and in the secular sense has to be modified by the un- 
certain magnitude of the effects which technological 


changes will mean for the uranium producers. Justifiably 


- 131 - 


or not, Canada has missed the 'breeder boat' to offer Cana- 
dians the cheaper nuclear-electric energy they deserve. 

This event happened in 1973 when such policies could have 

been adopted to meet the stark-naked reality of the oil 

price garrotte. Hypothetically speaking, the CANDU-OC-THorium 
reactor could have been running in about 1993 as utilities 

in other countries are operating on fuel saving ‘advanced 

fuel cycle' already today! 

Nuclear fuel consumption in both long-run and secular 
periods will therefore be determined by the number of reactors 
and their fuel requirements and the degree in which pluto- 
nium and thorium breeders will have been built. The greater 
their number compared to conventional reactors the relatively 
lower will be future uranium requirements, the lower the 
price of uranium fuel and, hopefully, that of energy, and 
the longer the life-expectancy of ike mineral resources 
which, when thorium is included,would stretch over centuries. 
Conversely, the greater the public aversion towards breeders 
and the later the thorium systems are on stream, the earlier 
will uranium resources be nearing exhaustion including the 
speculative resources, the faster will prices of uranium 
rise in the distant future and the more active - not to 
say prosperous - will be the uranium industry barring, of 
course, an early success of fusion technology. 


However, very high uranium prices in the future would 
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have to trigger thorium substitution which would then deli- 
ver that cheaper energy because not only that fuel will 

be cheaper and, eventually, more plentiful than uranium 

but because thorium is more energy-efficient than other 
fuels, besides it does not deliver plutonium! Whether and when 
this substitution takes place will largely be determined 

by the constellation of uranium producers with the unin- 
tentional help by the anti-nuclear lobby, because most of 
the present uranium producers will most likely be the future 
suppliers of thorium, too. But as to nuclear fuel and its 
minerals as such, there is no real shortage. Shortages 

are created in imperfect markets and last only until a suf- 
ficient number of unrestraint mining competitors in a signi- 
ficant sector of the market can break the "UPEC™ or the 
“uranium corner". To {top*it all the mumber "of competing 


countries is rising too! 
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thermonuclear weapon on a reactor. 


CRC, Handbook of Chemistry and Physics, 6lst ed. 1980- 
1981, CRC Press, 1980, p. 8-44. Uranium: the scientific 


symbol is Up its atomic weight 239.029; specific gravity 
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The first two of these was the electro-magnetic separa- 
tion process (Y-12), while the second was a gaseous 
diffusion process (in K-25) which is still used in the 
United States (Oak Ridge). Another method is based on 
the gaseous centrifuge. For a more detailed analysis 
of the economics of the nuclear fuel cycles with parti- 
cular reference to the United States and covering ura- 
nium mining, milling, enrichment,demand and supply and 
prices see: S. Pasheer Ahmed, Nuclear Fuel and. Energy 
Policy, Lexington Books Press, 1979; unavailable 
forethisastudy.! 


Thoriume232iis changed intogthorium 233yehrough san addi= 
tion of a neutron; after 22.2 minutes that thorium decays 
to become Protactinium 233 which itself decays to become 
the.~fissilée;,UL233,atter.2/ days; with a halft-life.of 
158,000 years uranium 238 is transformed into uranium 
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239 through the addition of a neutron with a half-life 
of 22.5 minutes;when it decays it turns into Neptunium 
239. After 2.35 days it decomposes into fissile Plu- 
tonium 239 with a half-life of 24,390 years. Asknowled- 
gement of appreciation goes to Dr. D.E. Hallman, Depart- 
ment of Physics, Laurentian University for guidance 
through this very interesting field. For a discussion 
of the concepts of ‘half-life' of an element see e.g. 
Robert E. Jervis and wohn' Ss Hewitt, Locs-citvi(n 4 
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result in 84 fissions; the same amount of neutrons will 
bring about 92° fissions yin U' 233. 
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The breeder concept is as old as nuclear science, but 
it has required some time for the development of appro- 


priate technologies. For an introduction to the following 


reactors and their technologies according to cooling 
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systems 

l. Pressurized light-water-cooled, 

2. Boiling light-water-cooled, 

3. Heavy-water-cooled, 

4. Gas-cooled, 

5. Organic-cooled, 

6. Liquid-metal-cooled, and 

7. Liquid-fuel power; see 

International Atomic Energy Agency, Nuclear Reactors 


Bibliographical Series, No. 2, 1960, p. 213-280; and 
Applied Science and Technology Index, up to most recent 


issues, H.W. Wilson Company, under: a) atomic power, 
b) nuclear reactors, and fuel, c) thorium, and d) uranium. 


weGuGs In woeabOrg,. loc. .Cite, peasto), also. Floyd. Culler, 
LOC mm Ciba, f Disats! s 


Not mentioned are very small reactors decommissioned 
by 1970 such as Clementine EBR-1l and Lampre 1, all in 
the U.S.A., and BR-2 of the U.S.S.R. as happened in 
1946, 1951, and 1961 respectively. 


Georges A. Vendryes, “Superphénix, a Full-Scale Breeder 
Reactor )eScrentiftic American, (Vol. 236, NO. 3,, March 
HOU Ts | Did 0 = Soe 


Did. Press=30 4 
Ibid. 


Ibid.; The small SNR 300 of Germany is likewise a multi- 
national project. 


James G. Busse, "Slow breeder makes its own fuel", 
Popularascience, j|ApriLilo7s, sp. .89=9l, 2200, "202. 


Charles T. Baroch and Charles J. Baroch, "Nuclear Energy 
Minerals and Their Utilization", Economics of the Mineral 
Industries, (ed.) William A. Vogely, a volume in the 
Seeley W. Mudd Series, American Institute of Mining, 


Metallurgy, and Petroleum Engineers, 3rd. (New York, 1976), 


p. 502; "Thorium was also used as nuclear fuel ina 
commercial electric generating plant at Ft. St. Vrain, 
Colo., and in experimental reactors". Robert Sisselman 
“Thorium Still Waiting for a Clear, Energy Policyafor the 
1980s", E.& MJ., March 1980, p. dls 


Ref. nisjre7od 25and-13¢ 


24 


25 


26 


20 


28 


29 


0S Gane 


"A Comparison of the Economics of Nuclear Energy and 

Coal in Generating Electricity", Nuclear Policy Review 
Background Papers, Department of Energy, Mines and 
Resources, Ottawa, 1980, Report No. ER81-2 E.p. 29-48 
esp. Tables 4 and 5, p. 38-39; also see Dr. W. Bennett 
Lewis, Energy in the Future of Man: From Survival to 
Super-Living ,Lecture at University of Calgary, October 
7, 1975. Slide 1, p.5 where Lampton coal operations 

are compared to the Pickering Nuclear Plant. Unit energy 
cost stood at a ratio of 7.03/13.26(m $/kWh) as Pickering 
to Lampton. 


A standard and simple forecast for the demand for energy 
in Canada is presented in op. cit.) ER) 6l—2k;, for 
the years 1980 to 2000: "Forecasts of Demand for Electri- 
CLEY+@ L980" to 2000; bid7ep. 3-16." Forel 990, > expected 
required Base-Use Electrical Capacity would be 95,053 MWe, 
and 128,227 MWe in 2000 with sufficient supply capacity 
for 1990 (103,695) but insufficient planned capacity of 
104,927 MWe(for 2000) estimated capacity deficiency 

of 23,300 MWe. 


Dr. W.Bennett Lewis, Abundant harnessed energy at low 


cost and low risk from nuclear. tission , Elizabeth Laird 
Memorial Lecture, University of Western Ontario, April 3 
LOTTA CSD.ep. elim L2. 


The optimistic cost at Pickering was 2.23 m (1949) $/kWh; 
ibid., Table l, p. 10:* See alsormwA.L. Robertson;* loc. 
Cit tw Deen. 


Source: Konrad B. Krauskopf, Introduction to Geochemistry 


2nd ed., McGraw-Hill, International Series in the Earth 
and Planetary Sciences (New York, N.Y., 1979), p. 545. 


Encyclopedia of Screncevand! Technology, Vol. 13, rev.ed. 
1977, *MeGraw-Hilimt(New York; ene: oy, cor), pe oe. 


Thorium reserves and resources (Tho) 


Country Reserves 
(in metric tons) 

UzS As 136,090 Total U.S. resources 1,409,000 
Australia 36,288 Probable and potential 2,391,000 
Brazil 54,432 

Canada 208,656 

India 181,440 Major deposits contain 629,000 
Malaysia 97.07 2 Probable and potential 1,996,000 
Other market Total from major deposits 2,625,000 
economies 54,432 as the resources from major deposits 
Centrally planned versus actual reserves of 136,080 
economies 36,288 metric tons or reserves are 5.2 per- 


cent of major deposits (or 3.6 of the 
sum total) 
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Source: 


Ref. 
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Sisselman, 


ibid. (n. 


22 supra) and based 


on USGS Circular 805; all figures have been computed into 
metric tons: 


Encyclopedia of Science and Technology, ibid. 


R.M. Williams, 
Uranium and Thorium in Canada, 
and Potential, Mineral Resources Branch, Mineral Bulletin, 
1971, Department of Energy, Mines and Resources, 

VO Tis Ps. 25's 


Saas gh fs 
Ottawa, 


ibid. 


H.W. Little, W.A. Gow and R.M. Berry, 


Resources, Production 


Producers Shipment of Thorium recovered through the 
treatment of waste liquor from the uranium plants for 


the years 1959 to 1969. Tho, content in pounds and 
value of shipment in $Can: 

Year lbs $Can 

1959 4744 7. «405,676 

1960) ~-134, 6397 ¢ 42:2 000 

T9GrL weds 22.4 39.20, 000 

1962 Bilao Sons at 20 A000 Source: Statistics Canada, 
1963 7 gee 455000 Miscellaneous Metal Mines, 
1964 Wi yode | 4 kenOOU L905, Pel ec y wana: os L, 
1965 46,339 189,000 Dial etCdie 22 LO), 

1966 Si fo 9) tee L OOO 

LOD iy ptlelkshytoDiou ree Lao OO 

LIS = At59 peor 262,000 

1969 29,014 55,,,0:0 0 

New Thorium reserves: see no. 29 supra. 


Be Lewis; erbid. (n. see also J.A.L. Robertson, 


LOG s¢. GisG:< p50 «nein 


26) r Pe 15% 


Lewis, ibid. 
Od 


requirements for the year 1930 were 
in metric tons, amounted to: 


Consumption (burn) 
made in previous years and, 


39 
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42 


43 


44 
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For the Year 1980 
Forecasts Made In 
Year Metric Tons Apparent Source of Projection 


1979 30,000 
ToS 34,500 
LOTS 45,360 
5 Do oUG Australian Energy Commission 
1974 76,500 
Lo73 73,800 
LO72 59,000 
he a 61/700 
1970 49,500 


1969 OD, 200 USAEC 

1968 78,900 ENEA/IAEA 

1967 74,700 Canadian Nuclear Association 
1966 58,950 


Note: All values have been taken from the Mining Annual 
Review, Annual eds. 1967-1979. In the 1980 edition, such 
forecasts have been deleted. It is also important to 
Observe that these predictions were taken from different 
sources as indicated in the last column speaking for con- 
siderable inconsistencies in this series. 


Cf. Walter C. Woodmansee, “Uranium", Mineral Facts and 
Problems) 1975 Wop. cit.jp.rd boo yssab le“) Givestnuclear 
power reactor fuel as demanded for enrichment purposes 
and total industrial demand; e.g. in 1974, the former 
was 7,258 metric tons and the latter 8,165 metric tons 
(computed from short tons). 


Ibid. 


George White, Jr., “Uranium”, Engineering and Mining 
Journal March,« L9Sigw puwl4s. 


TDid. 7. toe, ips ooG fend B.C sn Love, «Uranium: ,9 Nuclear 
Metals’ ; M.ARiwl980, p. 103, 


BoC, ULOYd, . Uranium j; NUCLear Metal S:>-*MeASRY 41976, 
eee Par 


Mining output, eventually, is also affected by the uranium 
released from government stock piles from which, at least 
in, tne, United’ Stares, a uspecial “Solit Tails policy” has 
been implemented to modify the effects. 
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The writer apologizes to all Finnish friends for including 
their ethnic home country among the Eastern block nations. 
The reason for this distortion is simply that Finnish 
reactors are sof UJS'S.RS> origin “and it has) become ‘customary 


to classify reactors into east and west not only by political 


lines of demarkation but also by origin of nuclear tech- 
nologies! 


Woodmansee, loc. cit., p. 1181. 

Ibid: 

Lbad.. 

Excluded are specifically: Bulgaria, Czechoslovakia, East 

Germany, Finland with two 'Russian' reactors (as commented 
in n. 45 supra), Hungary, Poland, Rumania, and,of course, 


the Uso.o.Rs 


This is a uranium-uranyl oxide; for further information 
on chemical aspects, see Woodmansee, loc. cit., p. 1180. 


Forsinstance, in® 1967, the UsS.A. uranium consumption 
amounted to 907 metric tons while production stood at 
8,65/7.4;..Woodmansee, ,ibid.,;.p;s 1298y,eTablerl3. 

Technical Information Paper No. 2, p. 18. Note: for the 
year 1969, the Canadian source consulted did not list 
Output Of uranium. 


Ibid.p. 17. Note erratum in heading 'U:08' which should 
read US0S;,.2n C000 Lb. 


M.A.R. 1980, p. 509; see Namibia under SECTION IV, infra. 
See D.J. Lecraw, “The Uranium Cartel: An Interim Report", 
Business Quarterly, University of Western Ontario Press, 

Winter 19.17, .VOL...42 » NO «ee4 paid] 657 7. 

Tbid. 

Ibid. Price tag:$Can..<101. 44. million. 

LB BG). 5 uDne Ao. 

LOLGre ABD. AO « 


Ibid., p. 79, in reference to Gilchrist, White and Joskow 
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Cases in point, are: OECD, —EnergysProspects to 11985, 


Vol. 1, Report of the secretary-General, Paris, 1974. 

In Canada, e.g. H. Hatton, Users Guide to the Computer 
Program FURST (FUture Reactor STrategies), Atomic Energy 

of Canada Limited, Chalk River, February 1981; also 

M .E..; Duvets Ops ictt «4( ne He Ssupra)isivandmidacH tcWright, 
Uranium Resources Consumption and 30-year Fuel Commitments 
For Canada and the World 1975-2025, Atomic Energy of 
Canada Limited, Whiteshell Nuclear Research Establishment, 
Pinawa, Manitoba, May 1978. 


Stephen Probyn and Michael Anthony, “The Cartel that 
Ottawa Built", Canadian Business, November 1977, p. 106. 


This is an example of a manufacturer of reactors carrying 
uranium fuel inventories; cf. Probyn and Anthony, ibid, 
p.. 04, .ands Lecraw,,,lock citepmp, o2. 


It is also clear that large stockpiles held by reactor 
manufacturers may mean competition to the producers of 
uranium. Consequently, fixed contracted prices were a 
choke on prices when resources were running short, as 
producers tried to force Westinghouse systematically 
against the wall; ibid. 


For particulars, see E.h. Propyn and Anthony, Joc. cit.; 
Ore LeCraw loes cait.$ onWlanctrquhart7soThe cartelothat 


blew sky-high", Maclean's Magazine, January 28, 1980, 
De 3) LOSS 


LeCrawyc i bia. yy pan SSigandslrqubaerty, B2bad. 


(a) Sept. 30, 1977, see: Department of Consumer and Corporate 
Affairs, Annual Report, Director of Investigation and 
Research, Combines Investigation Act, March 3l, 1980, 

ps 0=5.1% 

(lb) -LbeGraw, »tbidayW pe 847 exee3Gt 


Statistics Canada, Exports by Commodities, monthly, 
(Cat. 65-004), Commodity Item 259-55. 


June 980s. 0/6), 


Exports of Radioactive Ores and Concentrates 


($ Can) Exported To C£?* For allegec 
By aeRO United Kingdom sales of enrich 
1,006 France uranium by the 
SiO 0.00 Japan U.S.S.R. to a 
1327850 /000 United States U.S. utrlaity, 
see Ch. 8 "Lead' 
June iOS ono , Di Sal. 
LO 20;, 000 United Kingdom 
3,182,000 WiSigore Ri 
2,022,000 South Korea 


L675 909), 000 United States. 
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Pbids. 
Table A2. 
Ref. R.E. Green and R.M. Williams, Nuclear Energy- One 


Road to Self-Sufficiency, Atomic Energy of Canada 
Limited, 1980, presented to the 94th Annual Congress 


of the Engineering Institute of Canada, April 23-25, 1980 
Ministry of Energy, Mines and Resources, Ottawa, April 
1980, AECL-6963; Table l, p. 6 based on a publication 

of NEA/IAEA, December 1979. 


Note: price is given in nominal (current) dollars. 


RAR means: reasonably assured, 
EAR means: estimated additional, and 
SP means: speculative reserves. 


bid. po ol0ymand refeap...24 (ap ao SyassessmentJot 
Canada's Uranium Supply and Demand, Energy Mines and 
Resources (EMR), Canada, Report EP 79-3, June 1979. 
Also,see a version for public distribution: Energy Update, 
Energy Mines and Resources, April 1981, p. 39-43. 


Engineering and Mining Journal, January 1981, p. 77. 


Ibid.; and cfi.cic& MJ, rdulyl98l,-p. 14/2 ore. reserve 
207,000 metric tons of U308- 


Op. cit., January 1981, p. 77/78; reserves have been up- 
gradedu top 247095 metricytons of. U.0O0 s. Op. cat. vuuly 
19850 Pp-. 4247, withy contracts signed Bo deliver 2,500 
each to the U.S.A. and South Korea during the next eight 
and ten years respectively; ibid., Feburary, p. 159; 

and 2,858 metric tons between 1982 and 1996 to Sweden, 
OPn uv Gait. nMarch,419821-.).-Z08. 


The Yeelirrie deposits are owned by Western Mining Ltd. 
(75%), Exxon Exploration Production Australia (15%) and 
Urangesellschaft Australia, Proprietary Co. (10%); the 
deposit is 5.6 miles long with an average width of 0.46 
miles for a strike body of 2.6 square miles and 3 metres 
average thickness and 5.5(!) metres below surface. See 
also:"Western Mining nears completion of first - phase 


Yeelirrie development", Engineering and Mining Journal, 
Maye isl Wp. . 59s. 


Gpracite, wune 198d, p. 48a SSee elsosD. Te Ura ertginally, 
Wyoming Minerals, a subsidiary of Westinghouse - a 
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Sab 


82 


83 


84 
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manufacturer of reactors - sold its 51.03% stake in the 
Lake Way deposit. In exchange it will receive seven 
instalments of 50,000 lb of U Og if annual output reaches 
8.2 million pounds, and.a further 50,000 pounds should 
output reach 9.0 million pounds annually, ibid. 


Op. -cit..;, sAUGUSt sl SOU aD Looe 


Another two deposits have been located: the Maureen 
deposit near Georgetown, Northern Queensland, and West- 
moreland deposit. The former is owned by Getty Mining 
Pty., Ltd. and contains 2,940 metric tons of uranium; 

it is only marginally viable given the mid-year 1981 
market conditions; the latter involving a joint venture 
of four companies, contains 11,352 metric tons of U30 

in six separate ore occurrences but would require a e8tal 
deposit reserve of 15,000 metric tons to be commerically 
viable- ibid.) ip. 140. 


Opi-CiiL 4 —JSanuar vel IOl. 2p tel Oee wm. era 5: 


Ibid. p: 47, 497"alsovtbid?; -uulyyp. L449°o°which~speaks 
of an enrichment plant planned by UEGA, Uranium Enrich- 
ment Group of Australia, consisting of BHP Ltd., Western 
Mining, Peko-Wallsend and CSR; ibid. 


Opn CLE. ;puablalrymuss leo. Goe ao, dioeMay, 1961 Dp. 142; 
as to Sweden, see March 1981, p. 232. 


Amok is a Dominion chartered active Canadian company of 

a group of companies owned by French companies and agencies: 
Cie. de Mokta (a subsidiary of Imetal, Paris, France) 

(25%), Pechiney Ugine Kuhlmann (25%) , Cie. Frangaise of 

de Minerais d'Uranium (20%) and Commissariat 4 1l'Energie 
Atomique (30%); ref; Canadian Mines Handbook 1978/79, 

The Northern Miner Press Ltd., Toronto; however, in 1979 

it agreed to sell 20% of its equity to the Saskatchewan 
Mining and Development Corporation; see EMR, "Canada" 
MAR iyi SOD > eo Ore 


Eldorado had the intention to purchase the one-sixth of 
its interest in the Key Lake Property by borrowing 770 
tons of uranium from the stockpile of the Federal govern- 
ment and to sell it at current world prices in 1978 
whereby Eldor would have been liable to pay interest on 
the amount borrowed but to repay in kind from Key Lake 
operations. See R.M. Williams, “Uranium™, Canadian 
Minerals Yearbook, 1978, Energy, Mines and Resources, 
Ottawa, Mineral Report 28, p. 486. 
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EMR, “Canada”, M.A.R. 1981, p. 332. For a more infor- 
Mative assessment of Canada's uranium activities than 
thatwprovided -by ;Batsd. Lileydedibid.,.p. 101), \see,ibid., 
Dano tl=333 peand, <Ofycourseje Rem. Williams, yLoc. Cita, 

p. 477-489. 


MoA.R..1981,bpdt 334m 
Ibid. 
Thid,fep. 932i: 


Canadian long-term outside commitments are reported to 
be 52,400 and inside ones 80,000 metric tons. 


RTZ interests are at least 46.5 percent through its 41.35% 
Gizect holdings and,through its 51.3% in Rio Algom (if 

not more) which has 10% interest in Rbssing, though RTZ's 
voting rights are only 26%; other shareholders are: South 
African Industrial Development Corporation (47%), General 
Mining Union Corporation (2.3%) and Minatome of France 
CLO 2 eaAccCOunEI ng flor fastotal orl) 1 .L2es) senginee: ing 

and Mining Journal, January 1981, p. 142; Life expectancy 
of the mine is 24 years. 


MoA.R.nLOSL,, Da ntSG. 

Gold Fields S.A. 

In neighbouring Botswana, very active prospecting for 
uranium is reported underway since the publication of 
Magnetic surveys; M.A.R. 1980, p. 509. 

Ma Aah eimso Oley DC e 

ABMS, Non-ferrous Metal Data, 1980, New York, N.Y., 

p. L33"provides a figure fofG@6 ,2R4ishertetonsMos wv Og 
which is equivalent to 5,637.3 metric tons and re?l&cts 
the output of major mines. 

MoA aR é 1981, pe Aire 

IMMR, 1980, .o4 89? fi.e. 402 200=s00nppmptand SAWAOm.23-15,48 


M.A.R. 1980, p. 493,"Breakdown of South African Gold and 
Uranium Production", (Major Mines) in 1979, notes. 


101 IMMR, ibid. 
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The Mines are: Free State Geduld, 
Free State Saaiplaas, 
President Brand 
President Steyn, 
Welkom, 
and Western Holdings. 
Sources: MSACRY, ibids.., and LMMREs ibid. 
IMMR, ibid. 


Engineering and Mining Journal, January Isiempe. (ye and 
IMMR bide 20-917, 


Engineering and Mining Journal, July, 1981, p. 5l. 
i bad 
Engineering and Mining Journal, January 1981, p. 77. 


Engineering and Mining Journal, (hence forward E.& MJ), 
MayoloSij spimle2% 


MeyAGRs (LOBE. “pe 474-7 FandeersuMds BMarch, 298 pe2nZz27. 
MUAZRs, ibid: 

EMMR, #198075 pe7 83% 

MeAcRs L9O81s pi. 4743 

EiceMi, GdulyallsSliip. voleeand MaAsRo7iibids 

Bare (MJ -Leids 

Lords 

E. SOMPMAPAUGUSE BLOG  Spaclda+ 

Gabon Government (25%), Cie. de Mokta (28.1%), COGEMA (15%) 
Minatome (13.1%), Cie. de Gestion d'Investissement (7.5%), 
Cie. des Mines de Huaron (3.8%); and operating at Mounana 
and Oklo at capacities of 1,500 and 1,400 metric tons of 
concentrates annually; M.A.R. 1980, p. 517. 

Andrea M. Radigan, "Gabon", M.A.R. 1981, p. 495. 
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This consortium consists of the Niger's government Office 
Nationale des Ressources Miniéres (Onarem (33%), Cogema, 
a subsidiary of France's CEA (27%), Compagnie Frangaise 
des Minerais de 1l'Uranium (11.8%), Mokta (7.6%), Uran- 
gesellschaft (6.5%), and Agip Nucleare (6.5%); M.A.R. 
BOS en POND Ger Vy is Sie 


Compagnie Miniére d'Akouta (Cominak) consists of: Cogema 
(34%), Onarem (31%), the Overseas Uranium Resources 
Development Company of Japan (OURD(25%)) and Emprese 
Naconal del Uranio. of.Spain (20%); ibid. 


SMTT (Société Miniére de Tassa N'Taghalgué is the company 
held by Onarem (50%) and Cogema (50%); ibid. 


Cogema (35%), Conoco (35%), and Onarem (30%). 
Boo MJ,4 Janmany hoSds, isu fie 
Ci MAUR. “L980 8 p.2 5305 ands 154 p. D0. 


Es ‘Mid, tbid?* according tormca. Ree Ehe) consortium, is 


composed of Cogeman (37.5%), Onarem (37.5% and the Japa- 


nese OURD (25%). 

This consortium consists of: Onarem (30%), Cogema (30%), 
the Nigerian Mining Corporation (16%), the Central Electri- 
city Generating Board of the United Kingdom (12%) and 
German Saarberg-Interplan (12%). 

Onarem (33%), Cogema (26%) and the Atomic Energy Organi- 
Zation Of Iran..(263).,,.asdoubtrul participant sand Agip 
Nucleare.Cf. M.A.R. 1980, p. 530: saw Canadian-based Pan 
Ocean Oil of Calgary, a subsidiary of Marathon O11, 
involved at four deposits at the Algerian border. 

MVACR. 19S8)@ pi) 50 74 


Woodmansee, u1LOCsaCLt..76:Dewddl Oy and, Charles is -Baroch 
and..Charles Jee Baroch po LOCC l Cen (NieutsuSUupras,) Dir IU03= 504. 


Woodmansee, ibid., p. 1178, Table l. 
Tihid.; Table’ 2. 
Thides- pier 795 “Tables 3% 


for MJ,- March) LOS, pe. 478 
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136, 58.& MJ." danuary 198l, p.ee7. 


137 As to” (1)9 161d >and tor (2)" Bex Muy ApEr. 1901, Dp. 41; 
(3) Es Mu," May? 1OS1> pera. 


138 E..& Md, Apeil 19S epas too 

3 Ines 92 aN He le eae Ops oN 

l40° Ere MI, January L761, pe v2. 

14 1. alc a), Wapaies (e 

l42°1btas7 epee to Ge 

L438. EXSOMI.,” ApriEe- 19817 "pt 4a 

144 B.s&°Md., May L98l) p. i Lrandsdune7epait67 2 
145 E.& MJ, May 19810 p. 148. 

Lao Ee. & MJ, June LO Sie sone lc. 

LAT ARS MI, Julye LISi). pelos 


148 E.& MJ, January 1981, p. 77; but note the change recorded 
Lire J ily (iesive: oO. 39) aire 


LAS @bide, pial. 


150 bee MJ, Januarye i981, ps, 77 cise. 2ero; Water discharge is 
target of Yugoslavia uranium project', E.& MJ., March 1981, 
et ID 4 oor 


151 "Mexico steps up uranium exploration program", E.& MJ., 
/ Gon agnid hho ke ers sang cee 


D2 eal... January  LOGl pea 22zo,mcocw Ase tO sactual. and 
potential uranium exploration activities as well as 
nuclear (power) investments the following cursory ob- 
servations were made chiefly in the Mining Annual Review, 
1981, with the location indicated either by the page 
number in the bracket or by respective other sources. 


Brazil will be able to produce 1,000 metric tons of U30¢ 

at the Pocos de Caldas beneficiation plant by the year 

1985 and 500 metric tons annually already in 1980. 

Reserves appear sufficient of feed 35 power reactors 

of the Angra II type during the full life of their services 
torres 19h: 


=: 355° 


For Chile two points can be made: in the north the 

Comision Chilena de Energia Nuclear is exploring for uranium 
while the Sociedad Minero Pudahel is able to produce 20 
metric tons of uranium as a by-product at its Cascade 

copper mine. (p. 382). 


In Columbia Camphagnia Colombia de Uranio (Coluranio) 

is exploring for uranium with Enusa of Spain, Minatome 

of France and the Power Reactor and Nuclear Fuel Develop- 
ment Corporation of Japan; three promising deposits have 
been found at Santander (Zapatoca), Cundinamarca (Quitamel) 
and in the Meta region. (p. 385). 


Ecuador is thought to have uranium occurrences in the 
Andes to the south. (p. 386). 


Paraguay has engaged two U.S. firms, Teton Exploration 

and Drilling Company and Anschutz to search and drill 

for uranium, although the potential is admittedly quite 
limited. $7 million have been spent on drilling. (p. 389). 


China has extensive and widespread resources of uranium. 


This country will build its first nuclear power station 
in the densely populated areas of the south-east coast 
where coal is in short supply. (p. 435-436). 


Japan is working on a plant to produce uranium hexaflo- 
ride from uranium tetrafluoride aiming at an annual capa- 
city of 200 tons to be completed by 1981. (p. 453). 


Sri Lanka has confirmed the occurrence of traces of uranium 
in river and beach sands. (p. 455). 


Thailand had invited for submission to explore for uranium 
in the north and north-east of the country. Apparently 
only Iron Mountain Mining has complied with this request. 
(De -4> 8). 


In Mauritania Minatome and Cogema of France and the Tokyo 
Uranium Development Corporation are exploring for the 
metal in the area between Bir-Moghrein and Ain Ben Tilli 
which are connected by a road. (p. 515). 


On the coastal areas of Morocco the Office Cherifien des 
Phosphates (OCP) started with the construction of uranium 
recovery units at Safi (1983); eventually similar units 
will be established at El Jorf Lastar and Nador. (p. 517). 


In the Sudan two research tems, one from West Germany and 

the other from the University of Khartoum, have announced 

the occurrence of radioactive anomalies in the Nuba Mountains. 
(pe 529)% 


Zambia is likewise exploring for uranium. (p. 493). 
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Burundi is searching for uranium in the Butara-Bubanza- 
Masango region. (p. 493). 


The Central African Republic has a known reserve of 
18,000 metric tons of uranium but requires $500 million 
for its exploitation including the construction of trans- 
port facilities and access roads to produce 800 tons of 
uranium annually. (p. 496). 


The Malagasy Republic is investigating a mineralization 
in the Ft. Dauphin region to the south of the island 
and near Tolagnaro in southern Madagascar; an agreement 
has been reached with Yugoslavia for the exploitation 
of such orebodies. (p. 499). 


Mali has two uranium possibilities: Cogema of France is 

working on sites at Kéniébo, Taoudénit and Homborn while 
Japan's Power Reactor and Nuclear Fuels Development Cor- 
poration is exploring the area of Adrar des Iforas with 

occurrences at Kidal and Tessalit. (p. 509). 


Guina has very promising uranium mineralizations with 
discussions under way for a joint venture involving 
possibly firms from such countries as Niger, France, 
West Germany, Romania, Switzerland, Yugoslavia, Morocco, 
the United States and Canada. (p. 512). 


In Liberia, CLU Enterprises of Coast.States Gas of the 
United States is searching for uranium. (p. 514). 


Algeria disposes of 28,000 metric tons of reserves in 

the famous Hoggar mountains. In 1979, the state-owned 
Sonarem mining company engaged an international consor- 
tium to develop the mining potential at Tingaouine with 
Cotecna Engineering of Switzerland in charge of the local 
infra-structure. A.G. McKee will build the processing 
plant while technical assistance will come from two 
Belgium companies, Union Minié6ére and Traction & Electri- 
SLCS LIM JAR... 298 01ipie vs 4.0); 


In Israel, the Energy Ministry has ordered the assessment 
of this country's phosphate reserves. So far, the reser- 
ves are about 275 million metric tons of phosphate with 

a potential uranium content of between about 27,000 and 
55,000 metric tons of uranium, E.& MJ., June 1981. 
(pHl253.)3 


Zimbabwe 

Saarberg Interplan Uran GmbH, a German-government sponsored 
corporation,is surveying 34,000 km? for uranium in the 
Zambesi valley, while Union Carbide's Rhomet has been 
granted exclusive prospecting’orders by Zimbabwe's govern- 
ment over five minerals including uranium in the Zambesi 
River and Lake Kariba areas covering 343,350 hectars, 

E.& MJ, Oct. 1981. (p. 190) 
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Philippines 

In the Baguio Mining district in northern Luzon five 

areas have been recognized to contain potential uranium 
deposits. They are located in: Baa-Licuan in Abra Pro- 
vince, Batac and Burgos in Ilocos Norte, Aingay in La 
Union, and Ambalend River in Benguet. The Philippines 
Bureau of Mines is interested in obtaining fairly detailed 
surveys of these deposits, E.& MJ.,, October 1981. (p. 31). 


Woodmansee, loc. cit., p. 1192, Table 10. 


DegeLecraw, Loc. clt., DP. /7* Cacculated in tons.-of 2205 
pounds each. 


ieee 
See E.& MJ., September and October 1981 under 'markets'. 
Seerch. 15 Dp. 00. 


See source of Table 9 in ref. to column (A) and (B) the 
latter for production. 


Loja. Dp. boss, 04,025 Short, tons, was the output of uranium 
oxide; in metric tons this is equivalent to 49,011.48 
metric tons which, after a proportionate adjustment in 
comparison to 1979 figures of the UN to those of ABMS 
provides for an estimated total output of 49,575 metric 
tons of U30.- 


Eva MJ, March 1961, p. 143: 
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Table Al 
World Uranium Reserves by Main Resource Country 
and Percentage Distribution 


in Thousand of Metric Tons of U0, 


"000 

Metric 

Tons % 
Country 
United States 620 2035 
Canada 620 PL UTES tr 
Uo. sors 500 16.39 
South Africa ey) T6529 
Namibia 90 2200 
Niger 160 Dm 
France 65 2.15 
Gabon 30 0.98 
Australia 432 14.16 
Others 18 OB ose Be 
World Total 3,050 100.00 


Excluding China and other potential suppliers in Europe 


Total PRANSY excluding U.S.S 5k: 


Source: Duncan R. Derry, A Concise Atlas of Geology and Mineral 
Deposits, Mining Journal Books, (London, 1980), p. 101. 
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Table A2 
Recorded Uranium Reserves at Varying Prices for 
Selected Years During the 1970s 


in *000 Metric Tons 


Up to a Price/lb (U30,) of $10 i) $30 $50 
1970 761.4 

L973 961.8 

1975 1080.5 1393253 

L9O77 Doo2. 0 1799.0 


Source: United Nations, Statistical Yearbooks, “Uranium” (U30,), 
Lie, O14, 905 Lem) pene Ler... EO: publications by 
NEA/IAEA, ibid. 
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Table A3 


Speculative Uranium Resources by Continent 


: Number of Speculative Resources 
Conmenent Countries (Million Metric Tons of U308) 
Africa Si 1Lob202 «Ay 72 
America, North 3 2.48 - 4.25 
America, South & Central 41 0.83 - 2.24 
Asia and Far East?! 41 OL245=54..28 
Australia and Oceania 18 2436 j-73.64 
Western Europe 22 U.20 f= Leos 

b) 
Total 176 7 31 Ot=— 1.7.45 
Eastern Europe, U.S.S.R. 
People's Republic of China 9 aiie9 Ieweusad? 
Estimated Total 185 11.67i- 26.06 


Source: same as Table 9 (D); p. 11,‘Table 3, in ref. to source: 
NEA/IAEA, 1978, December. 


a) Excluding People's Republic of China and the eastern part of the 
Us .SeR. 


b) A small portion of the potential given in these speculative 
resources may have been discovered between 1977 and 1979 
without essentially changing the parameters of the table; 


c) This estimated total potential of these countries may contain 
elements of RAR and EAR although these statistics were not 
available to NEA/IAEA 


Note: the values here given differ from those of the sources in the 
sense that they have been expressed in U30, and not in tons 
Of” (U). 
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Table A4 
Projection of Maximum Uranium Mining Capacity 
For the Years 1980 to 2025 
in Five-Year Intervals and 


Thousand of Metric Tons Of U,0,*) 


Vear 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 
Country 
Australia 0.7" 1#.2 POE 20.1 11.8 2.4 : 4 ze = 
Ganada fr ye aint 18.3 18.2 Vat 1307 12.6 Toes 12.4 ne 
France Agel Aid Sok Su) 159 - - - ~ - 
Namibia 4.8 59 5.9 55 554 ~ - ~ - - 
Niger? Sih a4 14.2 12.0 65 rit 4 a 2 re 
South Africa Tee 1s ne 11.8 11.8 11.8 11.8 eb 11.8 11.8 
united stares’ a2355>e 37.0 48.1 Asal 60.9 cag 48.0 30.0 5 > 
Ochers-; 3.5 8.0 7.4 11.8 13.0 13.0 Lie 8.3 10 es 
subtotal so 111.7 13500 bo 3e4ie ~ 126E0 99.1 83.6 62.6 cleat 24.1 
phosplanes> 1.2 4.1 ais hal 9.4 11.8 14.2 i543 Ter 5 18.9 
Grand Total = hea bie: 14000 b ishoe 1354. AlOs0 97.8 77.9 68.2 43.0 
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*) The original table from which these figures were extracted were given in tons ‘oy aon AR ee 
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Markets and Prices 

In February 1978 the Government of Ontario passed an 
Order in Council approving the purchase by Ontario Hydro of 
some 76,160 t U from Denison Mines Limited and Preston Mines 
Limited over the period 1980 to 2020. The Denison contract 
calls for delivery of 48,465 t U over the period 1980 to 2011 
under a pricing formula that provides for a cost-related base 
price, plus one-half the difference between the base price 
and the world price, but no lower than the base. Ontario 
Hydro will also provide Denison's estimated $151 million (1975 
dollars) expansion costs, interest free. The Preston contract 
calls for the delivery of 27,695 t U over the period 1984 to 
2020, under a pricing formula which provides for a cost-rela- 
ted base price, plus one-third of the difference between the 
base price and the world price, but no lower than the base. 
Ontario Hydro will fund the total estimated $188 million (1975 
dollars) cost of rehabilitating Preston's Stanleigh property, 
interest free. 

The Ontario Hydro contracts were unprecedented in the 
world's uranium industry with respect to both the size of the 
sales and the length of the delivery periods. It was antici- 
pated that they might have a significant influence on uranium 
prices in general and on Canadian export prices in particular. 
For example it was estimated* that Denison's initial deliveries 


could carry a base price in 1980 dollars from $101 to $109/ 
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kilogram U ($39 to $42/1b U30,), including the value for inte- 
rest on the 'front-end' money. In Preston's case the compa- 
rable figure for deliveries in 1984 could be $156/kg U ($60/ 
lb U30g)- A second significant indication of possible future 
uranium market prices was a February 1978 ruling by an arbi- 
trator chosen by Rio Algom Limited and the Tennessee Valley 
Authority (TVA) that prices for 1979 deliveries under the Rio 
Algom-TVA contracts should be $U.S. 118.09/kg ($U.S. 45.42/ 

lb U30,) - This price, which converts to about $Cdn. 140/kg 


Ur ($Can. 54 /-bnu Og) under year-end exchange rates, was sub- 


3 
sequently approved by Canada's Atomic Energy Control Board 
(AECB). Later, in December 1978, it was reported that prices 
for 1980 deliveries under the same contract were set by another 
ALDEETSCOLIS -cUlinguatasU. oh Looe 9U/KG UO tPO sow ol e507 1b 

U30,), which converts to some $Cdn. 159/kg U ($Can. 61/1b 


U30,)- 


Source: R.M. Williams, 'Uranium', Canadian Minerals Yearbook 
1978, Energy Mines and Resources, Mineral Report 28, 


(Ottawa 1980), p. 485-486. 
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